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The METROVICK 950 
Digital Computer 


FOR MORE RELIABILITY IN COMPUTING 
This new computer incorporates :— 


FULLY TRANSISTORISED LOGICAL CIRCUITS 
PLUG-IN PRINTED CIRCUIT BOARDS 


These features in the Metrovick 950 make for— 


e RELIABILITY e EASY SERVICING 
e COMPACTNESS e LOW POWER CONSUMPTION 


e LOW INITIAL COST 


Write for booklet 
No. SP 7655/1 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER 17 
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Instrumentation 


HE dictionary defines an instrument as “that by 
means of which work is done or any object or 
purpose effected.” This was too catholic a definition and 
over the course of time the word came to be used chiefly 
in describing small engineering objects requiring 
precision work. Later the technical usage broadened 
and, depending on the specific field in which it is used, 
it now has many interpretations. In the field of nuclear 
engineering, instrumentation can be defined as the means 
of obtaining information which will subsequently be 
used for the control of a plant, for the safety of a plant 
or for background data. It is essentially on this 
understanding of the term that the Nuclear Engineering 
Buyers’ Guide has been compiled, although some devices 
which could have been included have been omitted 
because of space limitations, and some are included 
which are not strictly bound by the above definition. 
Instrumentation of industrial plant has increased 
enormously over the past 20 years; progress in the 
various fields of engineering being dependent either on 
plant instrumentation which has enabled close process 
control to be established or, alternatively, on research 
employing instrumentation for measuring with the 
requisite accuracy and speed. 


Unprogressive Attitude 


We in the U.K. have a reputation for being slow to 
adopt new forms of instrumentation leading to new 
forms of process control. When a novel instrument is 
developed, stiff sales resistance is invariably forth- 
coming. All too frequently the attitude adopted is that 
if order books are full, then further instrumentation is 
unnecessary and, if order books are not full, then further 
instrumentation cannot be afforded. There is also a 
Strong tendency for an individual company to demand 
operational experience of a particular instrument in an 
identical process before its purchase will be considered. 
Many companies are not even prepared to install 
experimental instrumentation free of charge for fear of 
embarrassing tight production schedules, so that the 
difficulties of obtaining sound operational experience on 
a new device, with genuine co-operation from the users, 


are usually formidable. Perhaps worse is the ostrich 
attitude that is occasionally encountered where 
production managers would prefer not to know the 
quality of their product, particularly if it is poor, on the 
grounds that ignorance, even if it is not bliss, is certainly 
a lot less trouble. 


Opposite Attitude in Nuclear Engineering 


It is fortunate that in the field of nuclear energy the 
major developments emanated from the laboratory 
where instrumentation was a sine qua non of the work 
involved. Individual people who were in the field from 
the beginning were also made uncomfortably aware, in 
the immediate post-war years, of the difficulties of doing 
experimental work with inadequate instrumentation. 
As a result, the instrumentation field grew rapidly and 
was developed faster than the production field. 

The most important single influence which has led to 
a real awareness of the necessity for instrumentation 
has been the safety aspect; safety must always receive 
priority consideration in a nuclear installation. Further- 
more, production plant is still of an experimental nature 
and has been designed and planned by engineers who 
are anxious not only to produce direct results, but also 
information for further designs. For example, at the 
B.N.E.C. Calder Hall Symposium it was stated that there 
was a great temptation to over-instrument the first 
nuclear power station and considerable restraint had to 
be exercised in order to keep the number down to a 
manageable level. Even so, the figure exceeded 2,500. 

A further important factor in the approach of nuclear 
engineers towards instrumentation is the extremely 
rapid growth of the electronics industry in the years 
immediately preceding the initiation of the nuclear 
power programme. Much of the nuclear engineering 
development has been undertaken by men who had been 
brought up with a background of electronics training 
and the inherent distrust of electronics which is present 
in so many industries was replaced by a more realistic 
appreciation of its strengths and weaknesses. 

Whilst the financial outlay on instruments in a nuclear 
power Station is relatively insignificant compared with 
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the total capital investment, the importance of the proper 
operation of the instrumentation cannot be overstressed. 
This is largely the result of the hazard that could arise 
if instrumentation was either inaccurate or unreliable, 
and the fail safe philosophy that has developed, whilst 
not entirely strange, has certainly produced a much more 
aggressive attitude towards the problems of reliability 
and safety under all possible conditions. The net result 
is that increasing reliance can be placed on the perform- 
ance of instruments during normal operation. 

The most extensive instrument on a _ gas-cooled, 
graphite-moderated reactor is the burst-slug detection 
equipment. All fuel channels, which in the new power 
stations may total 3,000 per reactor, must be monitored 
at frequent intervals to check the integrity of the 
uranium sheath, and it is instructive to note the major 
components in the installation. These comprise bleed 
tubes, selector valves, precipitation chambers, counting 
equipment and information processing equipment. The 
whole is a nice example of the trend in modern 


Growth of 


HE past 10 years have seen the growth of the 

radiation measurement industry from negligible 
beginnings to full industrial status. In 1947, by which 
time the British atomic energy programme was firmly 
launched, practically no standard equipment was avail- 
able for radiation measurement; even at the Atomic 
Energy Research Establishment, Harwell, many groups 
were building their own counting equipment, including 
detectors and electronic amplifiers and scalers. In the 
course of the next two years equipment was largely 
standardized and although some individual experiments 
continued, the main efforts of the Establishment in the 
development of radiation equipment were concentrated 
in the electronics division. By this time also firm 
contacts had been made with industry and co-operative 
development was proceeding on a number of different 
lines. Considerable use was made of the development 
contract system, but designs were still not only inspired 
by A.E.R.E. but for the most part worked out by it in 
detail. 

Over the ensuing years industry began to develop an 
independent outlook and initially this took the form of 
companies engaged on development contract work 
taking a greater responsibility for the detailed design. 
Later companies felt themselves to be in a position to 
initiate projects but A.E.R.E. approval was considered 
desirable before equipment could become commercially 
acceptable. By 1955, however, even this had become 
unnecessary although active co-operation was 
encouraged by Harwell and in the main welcomed by 
industry. It was in this period that the Atomic Weapons 
Research Establishment began rapidly to expand its 
radiation facilities and with the ever-increasing range of 
equipment available they were able to buy on quoted 
specifications without previous reference to the 
Authority’s designs. 


May, 1957 


instrumentation, where a number of different arts are 
essential to the proper operation of the complete 
equipment. Good electronics is valueless without good 
engineering, and vice versa. Similarly, in the circuits 
which control the reactor power output a number of 
instrumentation techniques are involved. It is not 
sufficient to measure one parameter by one technique 
and produce a simple answer. A number of different 
parameters must be continuously monitored using a 
wide variety of techniques and these must feed control 
equipment which requires a nice compounding of many 
disciplines. 

It must be heartening to those companies who are in 
the forefront of these developments to know that in 
reactor power developments it is unlikely that they will 
need to “ sell” their products; they can look forward to 
many years of co-development with the plant designer 
and can be confident that the ultimate operators 
of plant will always be demanding comprehensive 
instrumentation. 


an Industry 


As a result of this growth of responsibility on the 
part of industry we now are at a stage where the 
development of standard units for the detection and 
measurement of radiation is a straight-forward com- 
mercial operation although much valuable development 
work is still handled by the U.K.A.E.A. and industry 
still regards A.E.R.E. as the main source of fundamental 
development and particularly of large complex 
apparatus, highly-specialized equipment and equipment 
in which investment would be high but the returns 
initially, somewhat doubtful. The balance that has 
developed between the U.K.A.E.A. and industry would 
appear to be comfortable for both sides and the 
Authority is to be congratulated on the manner in which 
it has allowed and, even more, encouraged industry to 
develop its independence. 

It will be interesting to observe if the more com- 
prehensive developments in the reactor field will proceed 
along similar lines. Certainly one would not expect the 
progress to be so rapid as the investments involved are 
so much greater, but the reactor industry today is in a 
very similar position to the radiation measuring industry 
in, say, 1952, at which time the first original industrial 
instrument designs had emerged from the bread-boards. 
The parallel is not exact and it would be unwise to carry 
the comparison too far, but one might deduce that the 
reactor position in 1962 (say) could be similar to the 
instrumentation position today. It must be borne in 
mind of course that the problems of allocating fissile 
materials and of ensuring reactor safety are rather more 
acute than those of allocating scarce components and 
improving reliability. Nevertheless, it is worth 
remembering when considering these questions that 
independence, if encouraged, results in increased 
co-operation whereas resistance to independence only 
causes friction. 
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Commentary 


The U.S. and World Opinion 


Statements have recently been made to the US. 
Congressional Committee on Atomic Energy that America 
has failed to do an adequate job of selling its accomplish- 
ments. This comes as some surprise to those of us who 
have become accustomed to a regular flow of energetic 
suggestion both technical and political of the “ leading ” 
position of the U.S.A. in the development of atomic energy 
for peaceful purposes. Japan’s comments on this topic at 
this time would certainly be interesting. The additional 
complaint to the effect that America has not been able to 
convince the rest of the world of her overall superiority is 
more understandable particularly when no_ large-scale 
power reactor is yet operating and when the first 
(Shippingport) which is due to go critical in the next few 
months is now known to have a generating cost of 
75 mills/kWh—as compared to a round figure for Calder 
Hall of 10 mills/kWh. Furthermore, figures have also been 
published recently of the capital costs of a number of other 
power projects. These all show sharp rises and indicate 
that cost estimates made previously were optimistic by a 
considerable margin. 

Possibly to counteract the natural reactions to these 
reports much play is being made of the bowing of the 
Calder Hall fuel elements—an effect which was not only 
forecast but which has already been remedied with 
comparative ease and complete success. Increased creep 
under irradiation is of course an important consideration 
in reactor design but now that the rate is known and the 
mechanism reasonably understood designs make the 
necessary provision for element support. In this context it 
must be remembered also that the gas-cooled graphite 
moderated reactor is the only type at present with the 
facility for changing fuel elements on load which means, 
further, that fuel can be cycled through the reactor. 


Inst. Chem. E. Charter 


Her Majesty the Queen has approved the grant of a 
Royal Charter to the Institution of Chemical Engineers. 
This news was first released on March 26. The Institution 
was founded in 1922 as a result of experiences in the first 
World War. It was felt that the U.K. had fallen behind 
other countries in the development of its heavy chemical 
industry, a fact that was brought sharply into focus by 
the serious shortage of munitions. 

The present membership of the Institution now stands 
at 3,500 and branches are operating in the Midlands and 
the North-West, as well as informal groups in Scotland, 
Scunthorpe and South Wales. There is also a strong 


branch in South Africa with advisory panels operating in 
Australia, India and New Zealand. The grant of the Royal 
Charter will assist in underlining the already acknowledged 
status of the Institution and will help to increase the 
attractiveness of the profession. 
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0.E.E.C. Recommendations 


The six-man Steering Committee for Nuclear Energy, 
including one U.K. representative, set up by the Organiza- 
tion for European Economic Co-operation (O.E.E.C.), has 
now published its report. In it are set out the proposals 
for co-operative development in nuclear energy. The main 
aim of these is to formulate a programme of experimental 
reactor development which should be undertaken without 
delay—conditioned by opinion on the expected state 
of practical technology in 1963. The machinery for 
co-operation is not discussed in detail but it is suggested 
that the choice lies between setting up a central establish- 
ment and setting up individual projects on sites adjacent to 
existing national centres. 

Recommendations are made that the European 
co-operation should concentrate first on reactor types of 
potential interest for the production of power. Most 
important of the projects proposed (which represent the 
essentials of a minimum programme) is a test reactor with 
high thermal and fast neutron fluxes containing large 
experimental facilities. The reactor should be an enriched 
uranium, light water moderated and cooled, with a thermal 
power of 50 to 100 MW, corresponding to a fast neutron 
flux of 10n/cm?-sec. Divergency should be three to four 
years from the initiation of the programme. 

Second immediate project should be a heterogeneous 
boiling water reactor unless further discussions indicate 
that the Norwegian experiments make this redundant. If 
not, light water would be first choice as moderator-coolant 
in a system designed for an equivalent electrical power of 
5 to 10 MW. Time scale should be similar to the materials 
testing reactor. 

On a longer term basis a homogeneous aqueous reactor 
of the two-zone circulating fuel type with heavy water as 
solvent and a thermal power level of 10 MW is considered 
to be the next most promising. Feasibility studies 
on a liquid metalled fuelled reactor should also begin 
immediately. The fast breeder whilst having desirable 
characteristics is regarded as requiring immediate funda- 
mental attention. 

It should be noted that the proposals deliberately avoid 
power types that have already received intense develop- 
ment—notably the gas cooled and the pressurized water, 
and that the field of development which is likely to become 
the most internationally competitive (i.e., ship propulsion) is 
avoided. Similarly those more advanced reactors in which 
individual countries have already a firm stake such as the 
sodium graphite, the heterogeneous heavy water and the 
high temperature gas cooled are not included in the 
proposals, largely for technical reasons, but also presumably 
because genuine co-operation would be difficult to organize. 
As they stand there should be few dissentients to the 
proposals and there is every prospect that, to quote the 
report. . . “with a strong common effort supported by 
already published information, Europe can immediately 
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resume its place in the first rank of the technological 


advance.” 


U.S. Power Programme 


Estimates have been made of the expected power 
demands in the U.S. including the probable contribution 


of nuclear energy. 


Appended also is a summary of those experimental 
nuclear power plants which will be in operation by the 
end of 1959 and the large scale plants due for commission- 


ing between 1960 and 1964. 


Total 
Nuclear 
YEAR Output of Total 
1955 546.3 
1960 811.9 2.4 0.3 
1965 1,175.8 22.8 1.9 
1970 1:700.1 133.9 7.8 
1975 2,400.0 526.3 21.9 
1980 3,400.0 1,285.9 37.8 


U.S. Nuclear Power Plants Expected to be in Operation by End of 1959 


Name Location (elec.) 
Federal Go: ernment-owned 
*PWR (Pressurized Water Reactor) . Shippingport, Pa 100.0 
EBWR (Boiling Water Reac or Experiment) Argonne Nat'l. Lab. 5.0 
Borax-4 (Boiling Reactor Experiment No. NRTS, Idaho 2.0 
+SRE (Sodium Reactor Experiment) Santa Susana, Calif. 6.0 
Reactor Experiment Oak Ridge Nat'l. 
o. 2) Lab. 0.3 
(Experimental “Breeder Reactor 
0. 1) NRTS, Idaho 0.2 
EBR2 (Experimental Breeder Reactor No. 2) NRTS, Idaho 15.0 
APPR-1 (Army Package Power Reactor 
No.1) .. Fc. Belvoir, Va. 2.0 
ALPR (Argonne Low Power Reactor) NRTS, Idaho 0.2 
Privately Owned 
General Electric Co. & Pacific Gas and 
Electric Company Livermore, Calif. .. 3.0 
Total Capacity (MW) 133.7 


*Electric generating portion of plant privately owned. 
tRepresents approximate expected capacity of second core. 


to produce 60 M 


First core is expected 


U.S. Nuclear Power Plants planned to come into service 
ur ng “ First Generation” (1960—1964) 


MW 
Operating Organization Locat:on (elec.) 
Power Reactor Development Co., Inc. Monroe, Mich. 100 
Yankee Atomic Electric Co. .. ae Rowe, Mass. 134 
Consumer Public Power District Beatrice, Neb. 75 
Rural Cooperative Power Association Elk River, Minn. 22* 
Wolverine Electric Cooperative Hersey, Mich. 10* 
Chugach Electric Association, Inc. Anchorage, Alaska 10 
City of Piqua, Ohio Piqua, Ohio 12.5 
Commonwealth Edison Co. .. Dresden, Ill. 180 
Consolidated Edison Co. of N.Y. Indian Point, N.Y. 275t 
Pennsylvania Power & Light Co. Not yet announced 150 
Florida Nuclear Power Group is do. 200 
Carolinas-Virginia Nuclear Power 
Associates, Inc. do. 10—30 
Middle South Utilities, Inc. do. 20 
New England Electric System do. 200 
Northern States Power Co. .. do. 60 
Ohio Valley Group do. 200 
Pacific Gas and Electric Co. do. _ 
Northwest Power Group Near Hanford, 
Washington 


* Approximately 80 per cent nuclear. 
163,000 kW nuclear; 112,000 kW oil-fired superheat 


Figures have been taken from the paper prepared by the 
director and deputy director, division of reactor develop- 
ment, U.S.A.E.C., and presented at the 5th Atomic Energy 
in Industry Conference held at Philadelphia on March 14. 


“N.E.” Scholarship 


Nuclear Engineering invites applications for a Post- 
graduate Scholarship to be awarded for the year 1957-58. 
The objects of the Scholarship are to enable the 
holder: 

(a) To pursue studies at post-graduate level directed 
towards some aspect of nuclear engineering; and 
(b) To pursue an approved programme of research 

in some aspect of nuclear engineering. 

The amount of the award will depend upon the cir- 
cumstances of the successful candidate’s case, but will 
usually be £350 per annum and will in no case exceed 
£400 per annum. The amount and duration will be 
assessed by the Selection Committee. 

The normal duration of the Scholarship will be one 
year, or such longer or shorter period as may be 
approved. 

Scholarships will be tenable at universities, technical 
colleges and other educational establishments (in the 
United Kingdom) approved by the Selection Committee. 


GENERAL CONDITIONS 

1. The candidate must be a British subject normally 
resident in the United Kingdom, with a university 
degree or its equivalent in engineering, physics, 
chemistry or metallurgy. 
A candidate is required to submit a programme of 
work which he would undertake during the tenure 
of the Scholarship, together with an estimate of the 
cost of carrying it out, including personal expenses. 
Any other awards, allowances, etc., to the candidate, 
which would be concurrent with the Nuclear 
Engineering Scholarship, should be described. 


3. The candidate is to furnish names and addresses of 
two referees who will be asked to advise the Selec- 
tion Committee on the qualities of the candidate. 

4. The award will be made at the absolute discretion 
of the Selection Committee. 


5. The successful candidate shall devote his whole 
time to the programme of work proposed by him, 
with such alterations as the Selection Committee 
may, with the candidate’s agreement, approve at 
the time of the award. 


6. At the completion of a Scholarship, a report is to 
be submitted, but interim reports on the work may 
be required from time to time. 


7. Application forms can be obtained from the Editor, 
Nuclear Engineering; when completed they should 
be returned to arrive not later than June 30, 1957. 

8. Applications received will be considered by the 
Selection Committee, and a short list (if necessary) 
prepared of candidates required for interview by 
the Committee in London. Approved travelling 
and subsistence expenses will be defrayed. 


9. The Selection Committee reserves the right to elect 
such candidates as it may approve and the grounds 
on which particular candidates have been elected 
or rejected need not be given. 

10. In the case of an award for one year, payments 
will be made as follows: 

October 1—one-half of award; 
January 1—one-quarter; 
April 1—one-quarter. 


11. The Selection Committee may terminate a Scholar- 
ship at any time if it is not satisfied with the 
progress or conduct of the student. 

12. Candidates should furnish evidence when required 
to the Committee that their programmes of work 
have the approval of the head of the institution or 
department in which they propose to work. 
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Reliability 
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Parameter 


By L. A. KILBEY 


(Head of Post-design Study and Services group 
Electronics Division, A.E.R.E., Harwell.) 


Information has been collected over the past seven years regarding the failures of nucleonic 
instruments based on A.E.R.E. designs. This has given a broad picture of their reliability. 
Analysis of this data has yielded information leading to improvement of existing designs 


and should provide a useful guide for future designs. 


rT. rapid growth of the atomic energy programmes over 
the past few years has created a wide field of applica- 
tion for nuclear-radiation-measuring equipment. Such 
instruments find a wide variety of applications and many 
use novel circuits and techniques. The examples given 
in the list below show the diversity of application. 


APPLICATION INSTRUMENT TYPES 


Prospecting and Survey- Apparatus for measuring gamma radiation in aircraft, 
ing on the ground and down boreholes in the ground. 
Small, robust lightweight portable and transportable 

units are needed. 


Production Chemical 


Portable, transportable and installed ay radiation 
Separation Plants 


detectors for monitoring. 


Reactors... a .. Instruments for neutron flux measurement, reactor 
power control (both manual and automatic). 
Infra-red spectrometry, analogue computers, etc. 


Health Protection Instruments for measurement of particulate activity, 


radiation monitors, «Sy, automatic blood-cell 
counters, etc. 


Fundamental Research.. Neutron time-of-flight analysers, pulse-amplitude 
analysers, mass and gamma-ray spectrometers, 
digital computers, etc. 


Radiation-measuring instruments may be required to 
deal with samples in gaseous, liquid or solid states. In 
pulse counting systems, the sensitivities may vary from a 
fraction of a count/minute to tens of thousands/minute 
and in d.c. systems, currents from 10~' amp upwards are 
encountered. 

The diversity of requirements coupled with rapid 
improvements in technique have resulted in the existence 
of a large number of instrument designs. The time avail- 
able for design study tests has usually been severely limite:! 
and there have been few opportunities for extensive proto- 
type testing. Thus it has been left to the user to find many 
of the weak spots. 


Operational Aspects 


The performance required of an instrument and the 
conditions under which it is to be used differ greatly from 
one instrument to another. The instrument design (elec- 
tronic and mechanical) must be suited to the conditions of 
use. Some types of instrument may only be used in a 
well-conditioned laboratory in a temperate climate, while 
others may be used in the jungle of the wet tropics. On 
the other plane the conditions may extend from high 
altitudes for airborne apparatus to sub-terrain (hundreds 
of feet below ground level) for borehole equipment. 

In spite of the wide variety of conditions there are many 
common requirements: calibration should be reasonably 
constant, reliability must be good, instruments of the same 
type should be interchangeable, and where possible 
standardized components should be used. 

The choice of components and materials which do not 
deteriorate due to physical, chemical or electrical changes, 
is of prime importance to instrument reliability. Such 
factors apply equally to the simple instrument to be manu- 


factured at the lowest possible cost (e.g., Civil Defence 
radiation monitors) and to complex instruments using 
hundreds of thermionic or cold cathode valves, transistors 
or various magnetic devices. A.E.R.E. policy has been to 
insist on the use of “ Inter-Service ” approved components 
since these have more conservative limits and acceptance 
tests than normal commercial components. 

Nevertheless, records show that 10% to 15% of all new 
instruments delivered (1954-56) failed to perform correctly 
on receipt, and this increased to 30% after 500 hours 
operation. It is estimated that, a single system consisting 
of say 10 such instruments (2,000-3,000 components), 
requires a servicing effort of something like 300 manhours 
per year, whilst the nuisance value, i.e. total operational 
time lost is much greater. 

With the accumulation of data on cause and effect, it has 
become clear that everyone concerned with the instrument, 
from its original conception to the end of its useful life, 
shares in some measure the responsibility for instrumeni 
reliability. For example, the user may ask for very high 
performance in some respect without realizing what the 
cost may be in terms of poor reliability. The designer 
should by rights persuade the user to reduce his demands, 
but is often unaware of evidence which might convince the 
user. Again, all concerned in design and manufacture may 
contribute to unreliability, if they yield too readily to 
demands for rapid supply of instruments. 


Instrument Reliability 


To improve reliability a continuous study has been 
carried out on all A.E.R.E.-designed nuclear instruments, 
the information obtained being fed back into the design- 
production-servicing loop. 

It seems appropriate at this stage to define what is meant 
by “ reliability ” in this text:— 

“The probability that an instrument or system will 
perform the function for which it is required or designed, 
under given environmental conditions for a_ specified 
operation time period.” 

Reliability is, therefore, a factor of merit. It is necessary 
to state what criteria of success are being applied (in terms 
of required performance limits) and the operating time. 
It must take into account the environmental factors 
(internal and external) under which the instrument has to 
function. If failures occur randomly in time it is possible 
to evaluate reliability for a particular type of equipment 
in any situation such as laboratory and field use, transit, 
storage, etc., if the behaviour of other similar equipments 
under these conditions is known. 

Most of the information on instrument failures 
differentiates only between success or failure. Although 
such information provides a useful starting point it may 
mask important problems, such as ‘deteriorating perform- 
ance and partial failure. 
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The responsibility for instrument reliability must be 
shared between four major groups: 

1. The component part designer and manufacturer. 

2. The instrument designer and manufacturer. 

3. The post design, servicing and maintenance teams. 

4. The user. 

If any of these fail in their task, the resulting instrument 
is likely to be unreliable. 

The block diagrams (Figs. | and 2) show the use made at 
A.E.R.E. of instrument reliability information. The instru- 
ment failure symptom and the cause are recorded on a 
punched card, together with similar information for the 
components. The complete failure data obtained are sub- 
sequently analysed to determine trends in past and present 
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Fig. 1. Instrument post-design procedure. 


instrument designs and to formulate necessary action to 
improve reliability. 

Failure rate figures have been given by Taylor! for some 
nuclear instruments (year 1953) and their component 
parts (1949-53): In Table 1 the failure rate per annum of 
the more standard instruments is shown for a four-year 
cycle. The main features which these figures show are:— 

1. Instrument failure rates are high. 

2. Complexity increases failure rate (Power unit 200 
compared with Analyser 1168). 

3. Failure rate is higher in instruments with a stringent 
performance specification. (Amplifier 1008 compared with 
1049 or Power unit 200 compared with 1082.) 

4. Failure rate is higher in instruments which run hot 
(e.g., Scaling Unit 1009A compared with Scaling Unit 
1009D). 

5. Failure rate is higher in instruments which do not 
cater for wide component tolerances (e.g., Scaling Unit 
1221B; 1955-56). 

These factors will be discussed in a later section under 
component and systems reliability. 

Using the figures given in Table 1 it is instructive to 
estimate the “manhours” required to maintain say 100 
simple nuclear counting systems consisting of a scaler, 
amplifier and E.H.T. power unit. The average time for 
diagnosis and corrective action for such a system would 
be say 5-10 hours per failure, resulting in a total of 
5-10 x 10° manhours/year based on 1955 figures. Due to 
reliability studies and corrective action taken, the 1956 
maintenance effort required for the same number of 
instruments would be about one-third of the 1955 effort. 


Component and System Reliability 


In order to simplify the study it is assumed that com- 
ponent reliabilities are independent and failure of any 


* In a unit or system where all the parts must fail to cauce a failure, the 
reliability is given by the product of the nart unrel‘ability. Such an arrange- 
ment (narallel system) gives a very much better reliability. However, volume 
and economic considerations limit the method to special cases. 
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component creates a system failure—(series system)*. The 
overall reliability may be expressed as the product of the 
component part reliabilities (R=C,. C..... Cn) and, where 
the component parts have equal reliability, R=C"™. C,, 
C, etc. are the individual component part reliabilities and 
R is the overall instrument reliability as defined earlier. 

Instrument reliability, therefore, depends on two main 
factors, the component part reliability and complexity. 
Comparisons of complexity can only be made of instru- 
ments using similar component parts; this is mainly true for 
A.E.R.E. instrument designs. 

Referring to Table 2, the comparative data given for 
thermionic valves and resistors in 1953-56 shows the 
improvement in failure rate of stabiliser valves that has 
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Fig. 2. Component post-design procedure. 


resulted from standardization on the more reliable 
85 A2 Type? wherever possible. The failure rate of resistors 
over the past few years has changed little, but it is likely 
that the work of the E.R.A.* (undertaken for the M.o.S.—- 
R.C.R.D.) will result in improved failure rate figures in the 
near future. 

Table 3 shows the annual failure rate in 1949-56 for 
valves, resistors and condensers used in all the types of 
nuclear instruments at A.E.R.E. It shows that over 80% 
of all failures are due to valves and resistors. It should 
be noted that the improvement in condenser reliability 
apparent in 1951 has been maintained. There has also 
been an improvement in resistor figures for 1956, which is 
almost certainly due to careful and continuous evaluation 
for reliability and the co-operation of certain manufacturers. 
It has been found that the valve failure rate with time falls 
sharply during the first 400 to 800 hours: subsequently, 


_there is a long period of fairly constant failure rate and 


finally a sharp increase denoting the end of useful life. 

Experience at Harwell has indicated that the shape of 
the life curve for a given valve is determined largely by 
the following factors: 


1. Undetected manufacturing defects occurring during 
early life (e.g. partial or complete short circuits, etc.). 


2. Random failures in accordance with exponential law 
where N=original number 
S=survivors 

t=time in hours 
and K is a constant 


S/N = 


3. Defects resulting from gradual physical and chemical 
processes near cathode (e.g., fall in emission, etc.). 


It is fairly clear from the data that, with present valves,** 
those which have operated satisfactorily for 500-800 hours 


** Insufficient data is available from A.E.R.E. records on special quality 
valves to give any comparative figures; preliminary experience indicates a 
similar early life pattern with a much reduced time scale. Experience with 
several hundred experimental special-quality, long-life cathode double-triode 
valves indicates a failure rate figure of 0.2% or better per 1,000 hours. 
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are inherently more reliable than new valves from store 
and this fact should be borne in mind in all servicing work. 

Another factor which plays a large part in reliability of 
valves (and resistors) is storage time. Our experience has 
been that valves manufactured say 2-3 years previously and 
stored (Fig. 3) can have a rejection rate as high as 50% 
when tested to the original acceptance specification, 
particularly in the case of thermionic rectifiers. 

Referring to Table 2, cold-cathode valves appear for the 
first time under 1956. It must be admitted that the failure 
rate figures are much higher than expected from laboratory 
tests on experimental valves. The reasons for the high 
Dekatron failure were twofold: (a) electrode poisoning (b) 
circuit tolerances which allowed insufficient latitude for 
Dekatron variations. Both these defects have now been 
overcome, the first by careful production control of 
mechanical tolerances and some redesign, the second by 
redesign of the circuits associated with this Dekatron. 

The cold-cathode trigger tube needs further investigation 
to explain the high failure rate figure compared to early 
estimates (Franklint reports $% in a simple ratemeter 
circuit). It is probably due to some form of poisoning, 
causing a shift of the parameters outside present specified 
limits. 


Other Component Improvements 


The other major component groups (resistors, condensers) 
show an improvement in reliability, which is attributed to 
improved component manufacturing and instrument ser- 
vicing, reduction of critical environmental factors affecting 
life (e.g., surface temperature, etc.), together with modifi- 
cation and redesign of an instrument where this has been 
shown to be desirable from the reliability data. Referring 
to Table 1, the results of such procedures are clearly demon- 
strated for different types of instruments. The problem 
of component reliability and instrument complexity is also 
shown by the 1438 Pulse Analyser—100-channel instrument. 
This instrument has approximately 20 times as many com- 
ponents as, say, an amplifier (1049) or scaler (1009), it 
has, however, from conception been designed (electronically 
and mechanically) and manufactured to obtain the best 
Operational performance consistent with reliability and 
maintenance. Harwell experience with this complex 
instrument has been that the failure rate is very high for 
the first 1,000 hours’ operation, due mainly to the 


ENGINEERING 179 


La Sareté de Fonctionnement des Instruments Nucléaires 

Afin d’améliorer le degré de siireté de fonctionnement des 
instruments nucléaires un vaste systéme d’enregistrement des 
pannes a été introduit. Les symptémes et les causes sont 
enregistrés sur une carte perforée ainsi que des renseignements 
de méme nature pour les piéces. Les données sont analysées 
par la suite pour déterminer les tendances et des mesures 
sont prises la ou elles sont nécessaires. 

Entre 1954 et 1956 entre 10% et 15% de tous les nouveaux 
instruments se sont trouvés ne pas fonctionner correctement a 
leur réception, cette proportion augmentant a 30% aprés 500 
heures de fonctionnement. Un systéme comprenant, par exemple, 
dix éléments nécessitait 300 heures de travail par an pour son 
entretien. 

Des tableaux sont annexés indiquant le taux de panne tant 
des instruments individuels que des piéces. 

La coopération entre le dessinateur électronique, le fabricant 
de piéces, l’ingénieur-dessinateur et l'usager est d’une importance 
vitale pour l’augmentation de la siireté de fonctionnenent. Il 
est instructif de noter que l'analyseur de pulsations a 100 voies 
1438, un instrument dont ia complexité est considérable, 
nécessite un temps d’entretien comparable a un grand nombre 
d’éléments uniques par suite d’une conception et d’expériences 
avant la production exécutées avec le plus grand soin. 


Die Zuverlassigkeit von Instrumenten fiir die Atom-Technik 


Um die Instrumente fiir die Atom-Technik zuverldssiger zu 
gestalten, ist ein umfassendes System zum Aufzeichnen von 
Fehlern aufgestellt worden. Fehler-Anzeichen und Ursache 
werden auf einer Lochkarte vermerkt, zusammen mit einer 
gleichen Angabe iiber die Apparate-Teile. Die Daten werden 
dann analysiert, um die Richtung, in die die Fehler deuten, zu 
finden und, wenn notwendig, die erforderlichen Anordnungen 
treffen zu kénnen. 

In den Jahren 1954 bis 1956 haben zwischen 10% und 15% aller 
neuen Instrumente Fehler gezeigt und nach Empfang keine 
korrekten Leistungen aufzuweisen gehabt, wobei die Zahl nach 
500 Betriebs-Stunden auf 30% anwuchs. Systeme, die z.B. 
zehn Einheiten umfassten, erforderten 300 Arbeiterstunden zur 
Instandhaltung. 

Die Tafeln zeigen die Fehler-Ziffern sowohl fiir die einzelnen 
Instrumente als auch fiir Apparateteile. 

Zusammenarbeit zwischen dem elektronen-technischen Kon- 
struktér, dem Fabrikanten der Apparateteile, dem Maschinen- 
Konstruktér und dem Benutzer des Instruments ist von grésster 
Bedeutung, um die Zuverldssigkeit zu erhéhen. Es ist instruktiv 
zu wissen, dass der mit 100 Kandilen arbeitende Impuls-Analysa- 
tor 1438, ein Instrument von betrdchtlicher Komplexitdt, eine 
Instandhaltungs-Zeit erfordert, die den Vergleich mit zahlreichen 
Einzel-Apparaten aushdlt, weil er sorgfaltig konstruiert ist und 
vor der Aufnahme der Produktion griindlichen Versuchen unter- 
worfen wurde. 


Precision de los Instrumentos Nucleares 

Con el objeto de mejorar la precisién de los instrumentos 
nucleares, se ha introducido un sistema comprensivo de registro 
de fallas. Los sintomas y las causas se registran en una tarjeta 
agujereada conjuntamente con informacion parecida para los 


+ Private communication. componentes. Luego los detalles se analizan para determinar 
tendencias y accién tomada cuando fuera 
necesaria. 

Litenpmapll Entre 1954 y 1956 desde el 10% hasta el 

Annual Instrument Failure Rate (% of Population) 15% de todos los instrumentos nuevos fallaban 

en el desempeno correcto de sus funciones al 

Instrument 1953 | 1954 | 1955 | 1956 Remarks ser recibidos, aumentandose esta cifra al 30% 
después de 500 horas de funcionamiento. Un 

Scaler 1009A a .. | 158 146 111 — | Withdrawn from service. sistema quecomprendia, digamos, diez uni- 

— ype = and selected components. para su mantenimiento. 

Scaler 1009M 41 Special mods. Resolving time increased most- 

to 20 usec. rando la razon de fallas tanto de los instrumen- 

138 113 76 | Cct. modifications. Improved Dekatrons. tos individuales como de los componentes y 

200 * ee 39 33 30 36 | No changes. se llega a conclusiones con respecto a los 
1082 19 27 31 17 — as 200 but output reduced to métodos necesarios para mejorar su precision 
1007 41 | 51 | 44 | 32 | Cet. modification and 85A2 stabilizer de funcionamiento. acta ' 
neon. La cooperacion entre el disenador electré- 
Amplifier 1049A 147 157 80 Being withdrawn. Modifications com- e disena USHGTIO SOR Vilales para 
ponents. el mejoramiento de la precisién. Como dato 
Improved design of “ A.” informativo es bueno tomar nota de que el 

Pulse analysers 1168 | 125 279 171 135 | Cct. modifications. analizador de impulsos 1438 de 100 canales 
—un instrumento bastante complejo—solo 

i i: iii: tite 5 months 1956 | 3 months 1957 exige un tiempo de mantenimiento compar- 

‘init 2,450 300 able a muchas unidades sencillas debido 

1438 Time converter 300 100 No changes. a _un diseiado y a una experimentacion 

preproductora cuidadosos. 
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undetected instrument and component defects; after this 
period there is a distinct improvement. Although the 
instrument is complex and the failure rate is therefore high 
by comparison with normal (20 valve) instruments, servicing 
personnel have found fault diagnosis and repair easier. 
The nuisance value (total operational time lost) is no 
greater than a 20-valve instrument. 


Scalers Compared 


Another interesting comparison can be made between the 
Scaling Units 1009A and the 1009M. “A” models have 
been withdrawn from service and fairly extensively 
modified (circuit and component layout), the operational 
specification being degraded by increasing the resolving 
time by a factor 10. The original valves found to be 
within specification were re-used, but resistors and smail 
condensers were replaced by the most reliable types 
manufactured. Table 4 gives the component failures for 
the scalers covering a 12 months period before and after 
modification. 


TABLE 2 
Annual Failure Rate (% of Population) 
Component 1953 1954 1955 1956 

Valves 

Rectifiers 9.17 8.6 7.0 6.9 

Double diodes 1.7 2.0 17 1.1 

Double triodes 6.8 6.6 6.3 A 

Pentodes 2.7 3.4 3.9 6.0 

Stabilizers 4.2 3.0 2.0 1.6 

Trigger tubes 2.0 
Resistors 

High stability, Grade1 0.73 0.52 0.43 0.45 

Carbon es he 0.25 0.17 0.14 0.10 

Wirewound .. 0.30 0.23 0.26 0.19 

Carbon pots. . 0.24 0.05 0.23 0.18 

Wirewound pots. .. 0.21 0.24 0.23 0.21 


Initial Failures 


As systems consisting mainly of new instruments have 
a relatively high failure rate during the early stages of use 
it was decided to take a large sample of the various types 
of instruments and immediately after they were received 
from the manufacturers, to subject them to an operational 
test to full specification. This procedure is now termed 
“ soak-test.” A typical curve showing the results obtained 
is given in Figs. 4 (a, b) and 5. The failures during the firsc 
500 hours were approximately 30% of the total population, 
and at 1,000 hours (an average of two months operation) 
the figure was about 40%. These results show that the 
probability of success during the first 500 hours of 
instrument operation is about 0.7. A practical installa- 
tion often consists of several such units (say 3-10) and, 
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Fig. 4a. Failure rate from 0—500 hours. 
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Fig. 3. Typical valve failures after storage. 


its chance of success during this period is, therefore, very 
small indeed. This fact has provoked a great deal of 
criticism from users and it is of the utmost importance on 
grounds of economy (both men and time) that this 
problem of initial failures be resolved in future instrument 
designs. 

After the period of initial failures, the failure charac- 
teristic shows a constant probability of failure (constant 
hazard) for the observation time in this particular 
experiment. “‘ Hazard” is taken to mean the ratio of the 
number of failures per unit time AF/At, to the number of 
survivors S at the time: H=AF/AtS (i.e. Failure rate= 


TABLE 3 
Percentage of Total Failures (Comp t Nui Value) 


Component 1949 | 1950 | 1951 | 1952 | 1953 | 1954 | 1955 | 1956 


Valves. ee 35 58 39 51 55 60 67 62 
Resistors .. oe 25 23 46 34 32 24 20 15 
Condensers 15 10 5 7 6 6 
Total 

contribution .. 75 1 90 92 94 1 93 83 
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Fig. 4b. Failure rate from 2,000—2,500 hours. 


¢ 
‘ 
( 
; I 
( 
| 
i ‘ 
: 
( 
{ 1] 
| 
2 
— 


May, 1957 


Hazard X Reliability). Where the hazard is constant the 
exponential law then applies for reliability,° 


and it is possible to estimate reliability for a given operating 
time. 
Total operating time 


— Total number of failures 


The value obtained can be used in the reliability exponential 
equation to calculate the instrument reliability. 


Conclusions 


The collection of reliability information on large numbers 
of instruments in use at A.E.R.E. has confirmed that the 
reliability of such instruments must be improved. The 
design of circuits to stringent performance specifications is 
only part of the problem, a major difficulty lies in design- 
ing and engineering the instrument so that it performs as 
required without sacrificing reliability. This will not be 
achieved until the reliability of components is improved, 
and their tendency to vary in value is reduced. Meanwhile 
it is essential that data on possible variations of component 
values is presented clearly and unambiguously to the 
circuit designer. This is not the case at the moment. 
Another fact which has emerged is that it is almost 
impossible to specify an instrument in a way which will 
ensure reliability. 

The reliability data poses two important questions. 
Firstly, are the time-consuming laboratory tests on compon- 
ents (involving only one variable at a time) of value in 
determining component reliability figures? Secondly, 
would a more realistic component reliability figure be 
obtained by testing complete instruments, using only the 
information obtained after the initial failure period for 
assessing reliability ? 

To obtain economically the widest application of nuclear 
and electronic instruments of complex design much careful 
thought and analysis of the weaknesses of past and present 
designs will be required. Nuclear instrument designs of 
the future will need to incorporate circuit elements of 
proven reliability for a given instrument application and 
the engineering design will need to take on a new approach. 


TABLE 4 


Comparison of Component Annual Failure Rate (% Population) 
Between 1009A and 1009 Modified Scalers* 


1009A t 1009 Modified 


Rectifier é 
Double diode 
Double triode 
Pentode 
Stabilizers 
Resistors 
Grade 1 
Grade 2 
Wirewound 
Carbon pots. 
Wirewound pots. .. 
Condensers 
Paper 
Nitrogol 
ica 
Ceramic 
Transformers .. 
Chokes 


= 


NO 
8 


Bes 
Ile 


* Resolving time changed from 5 to 20 micro-seconds. 

Temperature increase above ambient—decreased from 50°C to 20°C 
Improved components and layout. 

Improved circuit tolerances. 

t Before commissioning units given 300 hours soak-test. 
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Fig. 5. Failure rate experienced on ‘‘soak test”’ of instruments 

made immediately on delivery from manufacturers. Instruments 

are run under design specification conditions, and whilst initial 
failure rate is high, equilibrium is reached after 1,000 hours. 
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The Influence of Transistors 


on Instrument Design 


by 
E. H. COOKE-YARBOROUGH, M.A., A.M.I.E.E. 
(Deputy Head, Electronics Division A.E.R.E., Harwell) 


Transistors offer marked advantages in terms of small size, low power con- 
sumption and improved reliability. The possibility of them eventually displacing 


valves is examined with particular reference to nuclear instruments. 


the principle of the operation of a transistor is very 
different from that of a valve, but nevertheless a rough 
parallel can be drawn between a valve and a junction 
transistor. Such a parallel can easily be carried too far, 
but if it is used mainly to emphasize the marked difference 
between valves and transistors it can serve a useful purpose. 
In a thermionic valve electrons flow from the cathode 
through the control grid to the anode, and their flow is 
controlled by the voltage applied between control grid and 
cathode. Similarly, in a silicon or germanium n-p-n 
transistoi, electrons flow from the emitter region to the base 
region under the control of the voltage applied between 
base and emitter and the majority proceed through the 
base region to the collector. Thus emitter, base and collector 
correspond to cathode, grid and anode respectively. One 
important difference between the valve and the transistor is 
that whereas in a triode valve virtually all the electrons 
leaving the cathode reach the anode, in the transistor only 
about 95% to 99% of the emitter current reaches the 
collector, the remaining 5% to 1% returning through the 
base lead. There is another important difference; in a 
triode valve the electrons are attracted by the positive anode 
voltage, so they travel very fast. In a transistor on the 
other hand the base region is electrically conducting so 
the electrons are screened from the field produced by the 
collector voltage and pass through the base region almost 
entirely by diffusion. Their progress is therefore relatively 
slow. The p-n-p transistor functions like the n-p-n transistor, 
except that the important current carriers are holes, which 
can for the present purpose be regarded as _ positively 
charged electrons, so all the circuit voltages are reversed in 
polarity. Holes diffuse in germanium or silicon even more 
slowly than electrons. 

The important properties of valves and transistors are 
now compared considering first those where the transistor 
appears to have an advantage. 


Mutual Conductance 


In practical valves the mutual conductance is usually 
about equal to the numerical value of the cathode current, 
e.g., a valve passing 10 m amp may have a mutual con- 
ductance of 10 m amp/V. In a transistor the emitter 
voltage current relationship approximates closely to that of 
an ideal semi-conductor diode. It is not difficult to show 
that the mutual conductance should be proportional to 
emitter current and should have a value of about 
40 m amp/V at an emitter current of 1 m amp. This 
value is closely approached in practical transistors. 


No Heater and Low Voltages 


Electrons or holes can flow readily from the emitter at 
room temperature and the power consumption and limited 
life of a hot cathode or filament are therefore avoided. As 


this flow is by diffusion the voltage drop between emitter 
and collector has a minimum value determined only by the 
voltage between base and emitter needed to cause the 
desired flow of emitter current. In a typical case this need 
only be 200 mV. This compares very favourably with the 
thermionic valve, where an anode voltage of at least 20 V 
is usually required. 


Small Size and Reliability 

The essential parts of a transistor must be made physically 
very small if the desired electrical performance is to be 
obtained. Fortunately the relatively simple mechanical 
construction of the transistor enables this to be achieved 
without excessive manufacturing difficulty. 

The absence of any heated elements in the transistor 
should be expected to contribute to reliability, whilst the 
solid construction, with no physical gap between the elec- 
trodes, should make for robustness and elminate micro- 
phonic effects. On the other hand it is only fair to say that 
the early claims made for reliability have not always been 
realized. The reasons for transistor failure are now better 
understood! and it is clear that very careful surface treat- 
ment of the germanium is essential and oxygen and water 
vapour must be rigorously excluded. Moreover, the circuit 
design must make due allowance for the limitations and 
shortcomings of transistors (see below). There now seems 
little doubt that a properly made transistor used in a well- 
designed circuit has an excellent chance of outlasting any 
valve made. 

The possibility of using both n-p-n and p-n-p types has 
so far been little exploited in Britain because of the almost 
complete lack of n-p-n transistors. The judicious use of 
both types together often results in circuits being simpler 
and more effective, as Canadian work has shown. Such 
circuits often have no equivalent among known valve 
circuits. 

To set against the advantages so far discussed there are 
some very important disadvantages. 


Leakage Current 


A leakage current flows between base and collector in 
all transistors. In the germanium transistor it will 
generally have a value of the order of 1 «amp at room 
temperature but it is very temperature-sensitive, increasing 
by about 10% for every 1° C rise in the temperature of 
the transistor. It is equivalent to the flow of current 
between grid and anode of a thermionic valve, so its effects 
can be very serious unless suitable precautions are taken in 
the circuit design. The leakage current can be expected to 
be smaller by one or two orders of magnitude in silicon 
transistors, but even so its presence rules out the use of 
present types of transistor in several of the nuclear applica- 
tions to be considered later. 
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Low Input Impedance 

As mentioned earlier, a proportion, usually between 1% 
and 5%, of the emitter current flows in the base circuit. 
Thus the input impedance at the base of the transistor 
will not usually exceed 20 to 100 times the impedance of 
the diode formed by the junction between emitter and base 
regions of the transistor. This latter impedance, being 
approximately the reciprocal of the mutual conductance, 
will be about 25 at a current of 1 mamp, so the input 
impedance at the base is likely to be only of the order of 
1,000 at this emitter current, which compares very 
unfavourably with the many megohms of a valve. This 
more than offsets the transistor’s advantage of a high 
mutual conductance, unless the internal impedance of the 
signal source is low (less than a few thousand ohms), when 
the transistor has a real advantage. 


Carrier Transit Time 

In a valve the transit time of electrons from cathode to 
anode is so short that its effect need hardly be considered 
in any of the electronic instruments with which we are 
concerned here. In a transistor, however, the long transit 
time from emitter to collector represents an important 
limitation. In low-frequency junction transistors (the only 
type available in Britain until recently) the average transit 
time for holes amounts to about 0.2 sec, the transit times 
for individual holes being distributed between nearly zero 
and several times the average. This greatly limits 
the frequency response of pulse amplifiers, complicates the 
design of circuits using negative feedback and slows up the 
cumulative action of trigger circuits and others which 
depend upon positive feedback. Transistors with a carrier 
transit time 10 times smaller are now becoming available 
and, judging from what is being achieved experimentally, a 
further improvement of one or two orders of magnitude 
should eventually be obtainable. 


Capacitance 

The collector capacitance of most currently available 
transistors is of the order of tens of micromicrofarads, 
which compares rather unfavourably with the anode 
capacitance of a valve. Moreover this capacitance is 
between collector and base, so may cause severe negative 
feedback at the higher frequencies. In more recent designs 
of high-frequency transistor this capacitance has been 
notably reduced and a value as low as | pf seems attainable, 
so the advantage may well eventually be on the side of the 
transistor. 


Voltage and Power Limitations 

The maximum collector voltage which can be applied to 
a transistor usually lies between 50 volts for a low- 
frequency transistor and perhaps as little as 5 volts for 
some of the high-frequency ones. This compares 
unfavourably with the several hundreds or even thousands 
of volts which can be applied to a valve. 

The small physical size of the transistor and the fact 
that the leakage current varies rapidly with temperature, 
make it difficult to dissipate large powers in a transistor. 
Low-frequency transistors are now made which will 
dissipate several watts, but it appears difficult to combine 
high power dissipation with high-frequency operation. 


Cost 


Transistors at present cost more than valves. In many 


cases, however, a notable saving can be effected in the 
other circuit components, and the price of transistors will 
undoubtedly fall as the volume of production increases. 
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Portable Radiation Monitors 

It is logical to consider first the use of transistors in the 
small, portable instruments needed for detecting and 
measuring nuclear radiation, wherever radioactive materials 
are dealt with. These instruments can be divided very 
broadly into two classes, ionization chamber instruments 
and counter instruments. 

In ionization chambers the current to be measured is 
exceedingly small, usually in the range 10-*” to 10-"* amp. 
The electrometer valve or the quartz fibre electroscope are 
nearly always used for this purpose in portable instruments. 
The current is far smaller than the leakage current in a 
germanium transistor or even in a silicon one, and no 
simple way of using transistors to measure such small 
currents has so far been devised. In any case, modern 
electrometer valves are small in size, relatively inexpensive, 
probably more reliable than most valves, and require only a 
few volts and very little filament power to operate them. An 
ionization chamber instrument thus presents few size or 
battery problems and there is little incentive to use 
transistors. 

Where the ionization chamber instrument is insufficiently 
sensitive a Geiger-Miiller counter or a scintillation counter 
may be used. The outstanding problem of high voltage 
supplies to these detectors has been virtually solved by 
the use of a transistor square-wave oscillator, because the 
voltage drop in a transistor can be made so small that the 
oscillator operates efficiently even with a battery voltage 
of only 44 V. There now exist several designs of portable 
Geiger-Miiller and scintillation counter in which the high- 
voltage supply is obtained from an oscillator of this sort? ‘. 
The efficiency is high, commonly of the order of 50% to 
60%. Transistors are also used successfully in these instru- 
ments for providing a meter indication of the mean rate of 
occurrence of pulses. Again the small voltage drop in the 
transistor when it is conducting enables efficient and 
accurate pulse circuits to be made which will operate from 
a low supply voltage. 

It is at first sight disappointing that these instruments 
are often little smaller or lighter than their counterparts 
using valves or gas-discharge tubes. This is partly because 
instruments designed to do more than merely give a very 
rough indication of radioactivity have quite a complex 
circuit and contain many other components, including the 
Geiger-Miiller counter or the photomultiplier tube, whose 
size is not reduced when transistors are used. Likewise the 
size of the battery has not been greatly reduced, for it is 
considered better to exploit the low power consumption of 
a transistor circuit in the direction of providing longer 
battery life. 


Pulse Amplifiers 

When we come to consider the rather larger apparatus 
which is used, for example, in nuclear research, or for the 
routine measurement of radioactivity in the laboratory, we 
find that in addition to the G-M counter and the scintilla- 
tion counter, two other radiation detectors may be used, the 
proportional counter and the pulse ionization chamber. Of 
these four only the Geiger-Miiller counter delivers a pulse 
large enough to be used directly in pulse-counting circuits. 
The scintillation counter and the proportional counter both 
deliver pulses whose amplitude is of the order of millivolts, 
whilst the pulse ionization chamber delivers pulses perhaps 
a hundred times smaller. Thus these detectors must be 
used with some kind of pulse amplifier. In general the 
amplitude of the pulse is of interest, and consequently the 
amplifier must be linear and its gain must not vary with 
time. In addition, it is often necessary to determine with 
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accuracy the time of occurrence of pulses; alternatively the 
pulse rate may be very high. In either case the bandwidth 
of the amplifier should be wide. With the pulse ionization 
chamber the signal level is so low that noise becomes a 
problem even with valve amplifiers. In principle a properly 
matched transistor amplifier need be no noisier than a 
valve amplifier, but the input impedance of a transistor 
is so low and the output impedance of an ionization 
chamber so high that satisfactory matching is difficult; the 
use of valves in at least the first stage or two of such an 
amplifier is almost essential. With scintillation counters 
and proportional counters, amplifier noise is much less of 
a problem and transistors can be used satisfactorily if the 
bandwidth required is not too wide. With the older, low- 
frequency transistors it was difficult to make the amplifier 
bandwidth extend much above 100 kce/s although with the 
faster transistors now available it should be possible to 
extend this to 1 Mc/s which would meet many require- 
ments’. The frequency response is limited mainly by the 
carrier transit time in the transistor. This transit time also 
makes it difficult to apply the strong negative feedback 
needed if the amplifier is to be linear and its gain stable. 
In a valve amplifier the fall in gain at high frequencies is 
due almost entirely to the stray capacitance of the circuit, 
so in applying negative feedback it is safe to assume that 
the high-frequency phase lag in any one amplifier stage 
will not exceed 90°. In the transistor amplifier, the transit 
time in a transistor can introduce a high-frequency phase 
lag rather in excess of 90° and stray capacitance may cause 
a further lag. Thus, whilst it is quite practical to apply 
negative feedback over three stages in a valve amplifier it 
is difficult to apply it to more than two stages in a 
transistor amplifier. This considerably reduces the effective- 
ness of the feedback. 

In a valve amplifier the maximum gain-bandwidth 
product is limited by the ratio of mutual conductance to 
anode capacitance. We have seen that the mutual con- 
ductance of a transistor is much larger than that of a 
valve and that the collector capacitance can be quite small. 
Thus, if the carrier transit time in a transistor could be 
reduced sufficiently, the gain-bandwidth product of the 
transistor amplifier stage could, in principle, be made 
considerably greater than that of a valve amplifier. There 
appears to be no fundamental reason why this could not 
eventually be done. At present, however, there seems 
little incentive to use transistors in pulse amplifiers except 
where small size and low power consumption are important 
considerations. 


Pulse Sorting and Counting Circuits 

Analysing circuits must have an accurately determined 
triggering level and must be fairly quick-acting, since the 
pulse remains near its peak amplitude for only a small 
proportion of the total pulse duration. Little use has so 
far been made of transistors here. This may be partly 
because the triggering level of a transistor circuit is apt to 
change somewhat with temperature and because until 
recently sufficiently fast transistors have not been available. 
Another reason may be that there is little advantage in 
using transistors in these circuits unless the other circuits 
with which they are associated also make use of transistors. 

Another important circuit function is that of detecting 
when two or more pulses occur nearly simultaneously in 
time. Again transistors have been considered insufficiently 
fast for use in this application. It is interesting to note, 
however, that a transistor can be used to detect the 
coincidence between pulses whose duration may be con- 
siderably less than the carrier transit time in the transistor 
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itself. A resolving time of less than 10 musec has been 
achieved in this way. 

Usually it is necessary to count the pulses delivered by 
the discriminator or coincidence circuit. This can be done 


L’Influence des Transistors sur la conception des Instruments 
Nucléaires 

Les transistors possédent des avantages importants et de 
sérieuses limitations. Il semblerait que les avantages l’emportent 
sur les limitations dans de petits appareils portatifs d’une part, 
et dans de grands instruments complexes employant des techniques 
de calcul digitales d’autre part. Entre ces extrémes il existe 
une grande classe d’instruments nucléaires dans lesquels il serait 
possible d’employer des transistors, mais seulement avec une 
certaine détérioration de son rendement. La réduction de la 
grandeur et de la consommation d’ énergie est souvent d’ importance 
secondaire, et l’'amélioration de la sireté de fonctionnement, 
tout en étant importante, nest pas retenue comme étant la 
justification d’une détérioration sérieuse du rendement. Il est 
probable que dans le cas actuel des lampes continueront a étre 
employées au moins jusqu’a ce que des transistors encore 
meilleurs deviennent disponibles. Les transistors ont déja eu un 
effet trés salutaire sur la conception d’un grand nombre d’instru- 
ments nucléaires, et il n'y a aucun doute que leur emploi prenne 
de l’ampleur, mais leur plus grande application dans ce domaine 
reste un défi jeté aux projeteurs et aux fabricants de transistors. 


Der Einfluss von Transistoren auf die Konstruktion von 
Instrumenten fiir die Atom-Technik 

Transistoren weisen grosse Vorteile auf, jedoch unterliegt ihre 
Anwendung starken Beschrdnkungen. Es scheint, dass die 
Vorteile grdésser sind als die Nachteile einmal bei kleinen trag- 
baren Instrumenten, dann auch bei grossen komplexen Instru- 
menten, bei denen von der Technik der mit Zifferspeicher 
arbeitenden Rechenmaschinen Gebrauch gemacht wird. Zwischen 
diesen beiden Extremen gibt es eine grosse Klasse von Instru- 
menten fiir die Atom-Technik, wo Transistoren angewendet 
werden kénnen, wenn man ein gewisses Nachlassen der Leistung 
in der Ausfiihrung der Berechnungen mit in Kauf nehmen will. 
Die Verringerung der Grésse und des Kraftverbrauchs ist oft 
von geringer Bedeutung, die Verbesserung der Zuverldssigkeit 
ist zwar wichtig, jedoch wird die Meinung vertreten. dass diese 
nicht geniigt, um ernstes Nachlassen in der Leistung mit in Kauf 
nehmen zu kénnen. Es ist wahrscheinlich, dass man Réhren 
weiterhin benutzen wird, zum mindesten, bis bessere Transistoren 
zur Verfiigung stehen werden. Transistoren haben bereits einen 
sehr segensreichen Einfluss auf die Konstruktion vieler Instru- 
mente fiir die Atom-Technik gehabt, und ihre Anwendung wird 
sich zweifellos steigern. Die Erweiterung ihrer Anwendung in 
diesem Zweig der Technik muss fiir die Konstruktére und fiir 
die Fabrikanten von Transistoren ein dauernder Ansporn bleihen. 


La Influencia de los Transistores con Respecto al Diseno de 
Instrumentos Nucleares 

Los transistores poseen ventajas importantes y limitaciones 
serias. Parece como que las ventajas pueden superar las 
limitaciones en pequeftos instrumentos portatiles por un lado. 
y en grandes y complejos instrumentos empleando la técnica del 
computador digital por el otro. Entre estos extremos existe 
una clase extensa de instrumentos nucleares donde pueden 
usarse los transistores, pero unicamente con algtn deterioro en 
el “ performance” de ellas. La reduccién en el tamano y en e 
consumo de energia es muy a menudo de importancia secundaria 
y la precisién mejorada, mientras que es importante, no Se 
considera ser justificada al compararse con un serio deterioro 
en“ performance.” Es probable que aqui se continuara el uso 
de valvulas, por lo menos hasta que hayan disponibles mejores 
transistores. Los transistores ya han ejercido un efecto muy 
beneficioso sobre el disento de muchos instrumentos nucleares. 
y su empleo indudablemente aumentard, pero su mas amplia 
aplicacién en este campo permanece como un desafio a los 
disenadores y fabricantes de transistores. 
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by a counting rate meter or by a scaling circuit followed, 
perhaps, by an electro-mechanical register. The portable 
radiation monitors considered earlier make use of simple 
counting-rate circuits which are satisfactory if the counting 
rate is not too low and if a very linear scale reading is 
not required. If, however, the counting rate is low, the 
smoothing time constant required to give a steady reading 
may be longer than can conveniently be achieved by 
shunting the indicating meter directly with a large capacitor, 
and a d.c. amplifier is then required, to couple the smooth- 
ing circuit to the meter’. Use of transistors in such an 
amplifier is difficult because of the large and variable 
leakage current already referred to. Unless some rather 
elaborate arrangement were adopted, this current would 
almost certainly flow through the reservoir capacitor of the 
counting-rate circuit and cause a variable and inaccurate 
reading. Here again is a case where valves are to be 
preferred. 

A considerable amount of work has been done on the 
design of scaling circuits using transisters® 7. Until 
recently, junction transistor scaling circuits were consider- 
ably slower than their valve equivalents, but the advent of 
faster transistors has changed the situation and it is now 
almost certainly easier to make a transistor binary scaling 
circuit having a resolving time as short as 10-7 sec than 
it would be to make a valve scaling circuit of equivalent 
performance. This is largely because the transistor circuit 
has been designed to take full advantage of the superior 
mutual conductance of the transistor. An important 
disadvantage of transistor scaling circuits is that the voltage 
swings are so small that it is difficult to arrange satisfactory 
visual indication of the counts stored in the scaler. One 
possible method is to use a meter which sums suitably 
graded currents delivered by each stage, but this calls for 
a carefully regulated supply voltage, which is not always 
easily obtainable. It is probable that transistor scaling 
circuits will have difficulty in competing with specialized 
fast decade scaling tubes such as the trochotron. Transistors 
can, however, be used very satisfactorily for driving the 
slower scaling tubes such as the gas-filled dekatron and may 
well also be used to drive trochotrons. 

Transistors can be used successfully to drive electro- 
mechanical registers, despite the, fact that the power 
required by the register may be many times the maximum 
collector power dissipation of the transistor. This is 
because of the very low voltage drop in the transistor when 
it is conducting, so that whilst perhaps 20 V may appear 
across the magnet winding of the register, the voltage drop 
in the transistor itself may be only 200 mV. The transistor 
has a big advantage over the valve circuit used for this 
purpose because the average power consumption is very 
much smalier. 


Multi-channel Pulse Sorting Devices 

There is a growing need for rather elaborate devices 
which can sort incoming pulses into many categories and 
count the number in each category. Such devices may be 
used either to determine the amplitude distribution of 
pulses or to determine the distribution of pulse time delays. 
In either case the problem is first to sort the pulses and 
second to count concurrently in many channels. The 
number of channels may vary with the application but will 
often be in the range 100 to 1,000. Not surprisingly, digital 
computer techniques have been applied. 

The approach presently being adopted at Harwell is to 
Store the number counted in one channel in a column of 
Magnetic storage cores. In a 1,000 channel analyser there 


will be 1,000 such columns. When a count is registered in 
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a particular channel the contents of the corresponding 
column are extracted and used to set up a transistor scaler 
to the corresponding binary number. A single pulse is then 
added to the scaler and the resultant binary number shifted 
back to the appropriate column. It is found possible to 
perform most of the functions associated with this store by 
use of transistors and this results in a great saving in size 
and power consumption. Currently available transistors 
are not ideally suited to this application because those with 
a high enough collector voltage rating have rather a long 
carrier transit time, so some valves are used. An 
all-transistor pulse time analyser has been constructed in 
the United States,5 but the resolving time is some forty 
times longer than that which the Harwell machine will 
provide.’ 

With pulse-height analysers there is the problem of 
causing the pulse height to control an electronic switch to 
select the appropriate column in the core store. This is 
done by pulse amplitude to time conversion, the pulse 
amplitude being stored in a condenser which is subse- 
quently discharged in steps, the number of steps needed to 
do this being used to determine the position of the 
electronic switch. This type of pulse manipulation is at 
present difficult to perform with transistor circuits, because, 
for example, the temperature-sensitive transistor leakage 
current would make it very difficult to store the pulse 
amplitude accurately for the necessary time. 


Conclusions 

Transistors have important advantages and serious 
limitations. It appears that the advantages may outweigh 
the limitations in small portable instruments on the one 
hand, and in large complex instruments using digital 
computer techniques on the other. Between these extremes 
there exists a large class of nuclear instruments where 
transistors could be used, but only with some deterioration 
in performance. Reduction of size and power consump- 
tion is often of secondary importance, and improved 
reliability, whilst important, is not felt to be justification 
for serious deterioration in performance. It is likely that 
here valves will continue to be used at least until still better 
transistors become available. Transistors have already 
had a very beneficial effect on the design of many nuclear 
instruments, and their use will undoubtedly increase but 
their wider application in this field remains a challenge to 
the designers and makers of transistors. 
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Gas and Steam Circuits 


The particular problems presented by gas and steam circuits in the instrumentation 


of a power reactor are discussed. 


S general classification, the instruments and 
controls required for a reactor installation can be 
divided into (1) those necessary to maintain safe conditions, 
(2) those to assist efficient operation and (3) those which 
enable the performance of individual items of plant to be 
checked over a period of time. This classification is 
applicable to any type of plant but is obviously not rigid, 
as instruments or controls may perform functions in more 
than one section. For example, considering a steam turbine, 
the governor gear falls into the first and, possibly, the 
second class; the throttle pressure and temperature gauges 
belong to the second; and the inter-stage pressure gauges 
fall into the third, as indicating blade condition. 

The following discussion will cover the instruments of the 
gas circuit and heat exchangers of a gas-cooled reactor 
falling into the above three main types. It is inevitable 
that, in the comparatively early stages of development, there 
is a considerable amount of instrumentation specified, much 
of which may be dispensed with as experience accumulates. 


Gas Circuit 

The straightforward types of safety valve which are fitted 
will ensure the safety of the pressure parts in case of a 
rise in pressure (due to overcharging of the circuit or heat 
exchanger tube failure, etc.), but an equally unsatisfactory 
situation arises in the event of gas pressure falling rapidly, 


Circular chart recording flowmeter (George Kent, Ltd.). 


possibly due to the failure of some pressure part. This is 
extremely unlikely but there may be certain highly stressed 
parts such as main duct expansion bellows which work 
under fatigue conditions. A large leak occurring could 
cause an increase in fuel-element temperature. This would 
operate the reactor temperature trips but an undesirable 
transient would already be in progress. 

To give advance indication of such a condition, a circuit 
pressure trip is desirable and, to give maximum speed of 
response, a rate-of-change of pressure impulse is necessary. 
One simple method of achieving this is to measure the 
differential pressure across an orifice connected between 
the gas circuit and a fairly large reservoir. The meter used 
can be any of the conventional types such as a bellows type, 
and the setting can be adjusted by varying the orifice size, 
to give tripping after a certain rate of pressure fall has 
been maintained for a suitable time. This device can also 
be used to provide an alarm when an undue rate of increase 
in circuit pressure takes place. 

The pressure connection to the gas circuit should not 
be used as a common tapping for other instruments unless 
it is of a large size, as it is possible for disturbances caused 
by carrying out operations on the other instruments to trip 
out the reactor. 


Static Pressures 


The local measurement of static pressures round the gas 
circuit can be carried out by normal bourdon gauges. 
Usually the tubes are specified to be of stainless steel to 
avoid any possibility of copper bearing material ever 
entering the gas circuit. Although it is difficult to imagine 
how such an occurrence could take place, it could cause 
damage to the fuel element canning. It is not usual to take 
pressure-gauge tappings through working spaces or to 
control rooms as any failure in these lines would possibly 
result in the discharge of radioactive solids as well as gas. 
Electric telemetering offers a convenient way of avoiding 
this and gives an easy method of repeating or operating 
alarms. Telemetering can either be a.c. or d.c. with 
recorders of the a.c. bridge or potentiometer type. With 
d.c. telemetering moving-coil indicators can also be used. 
Differential pressure readings can be obtained by 
subtraction of the electric telemetering impulses but in 
certain cases such as the gas circulator differential and 
gas seal differential, then differential bellows units are 
usually specified. 


Gas Flow 


The measurement of gas-flow rate round each circuit can 
be carried out by conventional flow meters although orifice 
plates are usually avoided due to the high permanent 
pressure loss. Often a venturi-type constriction appears 
somewhere in the duct system and can be used, or 
alternatively a multiple calibrated pitot tube device is 
possible. The metered flow indication from each circuit 
can be electrically telemetered and totalized to give a 
reactor gas-flow rate indication. The loss of one circulator 
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at full load may cause undesirable temperature transients 
in the fuel elements and may require tripping out of the 
reactor. Such trips can either be operated from unbalance 
in the circulator speeds or from unbalance in the circuit 
flow indications. 

The measurement of temperatures in the gas circuit is 
fairly straightforward. Thermocouples are more robust 
than resistance thermometers and usually preferred. The 
radiation error from thermocouples in the gas circuit does 
not exceed about 2° F. The recording of temperatures is 
conventional, electronic potentiometer instruments being 
usual. It is possible to use the temperature and flow 
measurements to give a totalized recorder reading of reactor 
thermal power. This enables the ion chamber power 
indications to be readily calibrated if the neutron flux 
pattern changes with time. 


Gas Analysis 

The analysis of the circulating gas should be regularly 
carried out, and instruments provided for measurement of 
carbon monoxide, water vapour, oxygen, and argon activity. 


Welded stainless steel pressure capsules (Kelvin Hughes, Ltd.) 


The carbon monoxide is the result of the carbon dioxide/ 
graphite reaction and to bias this reaction an initial concen- 
tration of carbon monoxide may be provided. Any change 
in this must be detected. Water vapour may result from 
degassing of the graphite or a heat exchanger tube failure. 
Oxygen may again be due to degassing of the graphite or 
slight air contamination of the carbon dioxide charge. This 
latter also results in some argon being present in the 
circulating gas which becomes radioactive. 

The carbon monoxide and water vapour can be measured 
by infra-red gas analysers coupled to recorders. There are 
several methods of measuring oxygen concentration, viz.:— 
optical apparatus, catalytic combustion measurements, 
magnetic devices and electrical conductivity measurements 
on an absorbing liquid. Of these methods the last two are 
usually the simplest to apply. The argon activity is 
measured by a standard counter. Apart from the above 
recorders and instruments used for sampling the circuit gas 
or gas in store, additional water vapour detectors may be 
connected to each heat exchanger circuit to operate alarm 
or trip circuits in the event of heat exchanger tube failure. 

In certain working spaces adjacent to the pressure circuit 
it is necessary to have an indication of the atmospheric 
carbon dioxide content in case of leaks developing. A simple 
form of instrument for this purpose consists of a porous 
pot closed by a diaphragm and containing a cartridge of 
carbon dioxide absorber. If the atmospheric partial 
pressure of carbon dioxide becomes high the total pressure 
inside the porous pot falls and a deflection of the diaphragm 
takes place, which can be made to control contacts 
operating an alarm system. If the carbon monoxide content 
of the gas charge becomes appreciable, then this will be the 
major toxic hazard of leakage. The simple carbon dioxide 
meter can still be used as an indicator, however, as the 
routine detailed analysis of the gas charge by the main 
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(Above) Relief valve as fitted 
to Calder Hall Gas circuits 
(Dewrance & Co., Ltd.). 


(Above, right) COz indicator as used at Calder Hall (International 
Gas Detectors, Ltd.). 


instruments will enable the alarm setting to be expressed in 
terms of carbon dioxide concentration. 

Instruments are necessary to measure the concentration 
of radioactive material being discharged to the atmosphere 
whenever sections of the gas circuit are blown down. Such 
measurements are usually divided into particulate activity 
and gaseous activity. For the former a certain proportion 
of the flow is diverted through a high efficiency filter and 
the activity on the filter is monitored by a standard counter. 
The gaseous activity is measured by a chamber type of 
counter. Activity meters are necessary for routine surveys 
of the gas circuit and in fixed locations such as at the 
gas circuit filters and the blow-down filters. The former 
are continuously having 1% or 2% of the system mass 
flow passed through them, whilst the latter handle the gas 
discharged to atmosphere. 

The control of the gas circulator speed is dependent on 
the form of drive employed and when this is selected the 
application of any servo mechanism for remote operation 
is usually straightforward. The drive may be by a.c. or 
d.c. motors or steam turbine. For a.c. motors variable 
speed may be obtained by a variable frequency house 
turbo alternator set, hydraulic couplings or by variable 
resistance control. D.c. motor control can be by a Ward 
Leonard system, grid-controlled rectifiers or again by 
variable resistances. Steam turbine drive control can be 
obtained by throttle adjustments but if accurate control 
over a wide speed range is required, then some form of 
electrical tachometer governing means is necessary. 

The main gas duct isolating valves may be operated by 
most types of servo mechanism depending on their design. 
In general, they require remote control and position indica- 
tion. In some cases they may be incorporated in trip 
circuits necessitating rapid closing, but usually the transients 
due to rapid closing are less desirable than the fault 
conditions that rapid closing is intended to prevent. 


Heat Exchangers 

Protection from high pressure damage to the heat 
exchangers is provided by conventional safety valves on the 
gas and steam sides. There is little danger of low water 
level in the steam drums causing tube failures since the 
gas temperatures are relatively low, and if a watercirculation 
pump is used, then circulation can be maintained with 
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a Schematic diagram of a 

-element feed-water control takinginto 

account water level, steam flow and 
water flow (George Kent, Ltd.). 
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(Above) A well-known feed-water regu- 
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even a water level in the downcomer pipes, i.e., an empty 
drum. The danger of high water level causing carry-over 
to the turbine is, however, more marked than usual, due to 
the relatively short steam path length through the super- 
heaters. A standard type of external remote operating, high- 
and low-level alarm is suitable as a warning device and as a 
test fitting some form of condensed steam conductivity 
apparatus is required to prove the adequacy of the steam 
drum internals in preventing carry-over. 

The control of feed-water flow to the heat exchangers 
must be as steady as possible, as fluctuations cause swings 
in the return gas temperature to the reactor, with resultant 
cycling of the fuel-element temperature. With a double- 
pressure heat exchanger, the high-pressure feed flow has 
the greatest effect in this manner. The simple float-type 
regulator is stable in operation, but to fit these on the high- 
pressure sections results in a long run of feed piping up to 
the h-p. drum level and down again to the economizer inlets. 
The use of long mechanical linkages from drum level to 
the control valve can be inconvenient, as also can similar 
mechanical feed backs with electrical controllers. The 
instrument type of two or three element air-servo con- 
trollers are a solution to this problem and the use of a flow 
impulse is an advantage for transient conditions, but there 
does appear to be a need for the development of a simple 
electrical regulator, bearing in mind that base load 
operation without rapid swings in output is the anticipated 


lator of the simple float pattern, the 
“Robot” (G. and J. Weir, Ltd.). 
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LI=LEVEL TRANSMITTER 
FR=FLOW RECORDER 
LC=LEVEL CONTROLLER 
L=LEVEL 

fs=STEAM FLOW 
fw=FEED-WATER FLOW 


FEED-WATER MAIN 


k. =CONSTANT SET FOR REQUIRED LEVEL CHANGE WITH LOAD 
« =CONSTANT SET TO ALLOW FOR BLOW-DOWN 
k, = CONSTANT SET FOR REQUIRED COMPROMISE BETWEEN FLOW-RATIO CONTROL AND LEVEL CONTROL 


L’instrumentation des Circuits de Gaz et de Vapeur 


L’instrumentation des circuits de gaz et de vapeur d’un réacteur 
d’énergie peut étre divisée en trois fonctions: la sécurité, 
Vefficacité du fonctionnement; la vérification du rendement au 
cours d’une période déterminée. Dans beaucoup de cas ces 
fonctions empiétent les unes sur les autres. 

Pour le circuit de gaz, les soupapes de sécurité ordinaires 
assureront une protection contre les pressions élevées, mais 
les trés basses pressions causées par de grandes fuites ont besoin 
d’impulsions de taux-de-changement pour une protection 
satisfaisante. L’indication de la pression peut s’effectuer par des 
manomeétres normaux Bourdon ou des manomeétres d’équipement 
de télémesure a@ soufflet, qui éviteront le besoin de faire passer 
des tuyaux de pression par les espaces de travail ou dans les 
salles de commande. Les débitmétres sont du type conven- 
tionnel, mais des constructions venturi ou des tubes pitots sont 
préférables aux plaques 4a orifices. Pour la mesure de la 
température, les couples thermiques sont plus robustes que les 
thermomeétres a résistance. De l’appareillage d’analyse de gaz 
est nécessaire a la mesure de l’activité de l’oxyde de carbone, 
de l’oxygéne de la vapeur d’eau et de l’argon. 

Pour ce qui est de la vapeur, des soupapes de sécurité normales 
sont prévues. Des niveaux d’eau élevés devront étre évités plus 


- des niveaux réduits, vu quils donneront lieu au transport de 
eau vers les turbines; un niveau d’eau réduit n’endommagera 
pas les tubes vu que les températures du gaz sont relativement 
basses. 


Les régulateurs de débit d’alimentation du type a flotteur simple 
se sont avérés satisfaisants, mais les types a deux ou trois 
éléments pourront simplifier la commande de l’alimentation 4 
distance des tambours de vapeur. 

Il est inévitable que les installations du début seront pourvues 
nombre excessif d’instruments jusqu’a ce qu'une plus grande 
expérience du fonctionnement ait montré ce qui peut étre 
éliminé. 


Die Verteilung der Instrumente im Umlauf von Gas und Dampf 


Die Verteilung der Instrumente im Umlauf von Gas und 
Dampf eines Atom-Kraftwerkes kann nach den drei Funktionen 
der Instrumente unterteilt werden: Sicherheit; wirtschaftlicher 
Betrieb; Ueberwachung der Leistung wdahrend einer bestimmten 
Zeit. Diese iiberschneiden sich vielfach. 

Was den Umlauf der Gase anbelangt, so kénnen Sicherheits- 
ventile vor zu hohen Driicken schiitzen, jedoch benétigen zu 
geringe Driicke, die durch Lecke in den Leitungen verursacht 
werden kénnen, Einrichtungen, die auf die Geschwindigkeit eines 
Druckwechsels ansprechen, um ausreichenden Schutz zu gewdhren. 
Die Anzeige des Druckes kann durch normale Bourdon- oder 
Balg-Manometer mit Fern-Uebertragung erfolgen, was dann 
die Durchfiihrung von Druck-Rohrleitungen durch den Betrieb 
oder in Kontrollrdéumen unnétig macht. Die Apparate zur 


Durchfluss-Messung sind konventioneller Art, jedoch sind 
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working condition for these plants. A water level trans- 
mitter is necessary on each drum, thus permitting the 
indication of water level in the control room and remote 
hand-feed control using motorized valves. To assist in 
this operation, remote feed-flow indication is desirable. 
Some form of back-pressure controller or load-limiting 
valve is required on the steam outlets from the heat 
exchangers, in order to prevent complete loss of pressure 
under an emergency shut-down. In general, the station 
load is determined by reactor output, although provisions 
are usually made for investigations to be made of system 
performance when the station is operated in the normal 
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Paramagnetic Dumbell” oxygen analyser unit mounted on 
temporary framework (recorder unit not shown). (The 
Distillers Co., Ltd.) 
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Rectangular continuous chart recorder. (Honeywell-Brown, Ltd.) 


manner from the turbine end. These back-pressure valves 
can be part of the turbine servo system, but with a multiple 
turbine installation there are advantages in divorcing their 
control from the turbine system and using a separate 
controller. This controller can be of the air servo type 
and can also operate any dump connections or emergency 
atmospheric exhaust valves as well. Some systems use a 
variable pressure setting in order to maintain a certain 
relation between the temperature of the gas leaving the 
heat exchanger, and the load. The possible range of such 
temperature control is usually not great and response is 
often poor, especially under rapid load changes. If control 
with only slow load changes is anticipated, then a slight 
change in gas temperature should be tolerable. If an 
accurate control of reactor return gas temperature with 
quick response is ever essential, then some form of gas 
by-pass round the heat exchangers is necessary. 

Other instruments and controls on the heat exchangers 
are straightforward, following conventional boiler practice 
for routine operation. For maintenance purposes, infra-red 
gas analysers are specified to assist in locating tube failures. 
They are also used in the manufacture of various parts 
of the plant together with halogen-type leak detectors. 


Venturis oder Pitot-Rohre Lochscheiben vorzuziehen. Zur 
Temperatur-Messung sind Thermoelemente vorzuziehen. Einrich- 
tungen zur Gasanalyse sind zum Messen des Gehalts an Kohlen- 
Monoxyd, des Sauerstoffs im Wasserdampf und des aktiven 
Argons notwendig. Fiir den Dampf-Umlauf werden normale 
Sicherheits-Ventile vorgesehen. Hoher Wasserstand ist mehr 
zu vermeiden als niedriger Wasserstand, da jener méglicherweise 
dazu fiihrt, das Wasser in die Turbinen mitgerissen wird. Ein 
niedriger Wasserstand wird den Rohren keinen Schaden tun, 
da die Gas-Temperaturen verhdltnismdssig niedrig sind. 

Einfache Schwimmer Regler haben sich zufriedenstellend fiir 
die Regelung des Speisewasser-Zuflusses gezeigt, jedoch mdégen 
Typen mit zwei oder drei Elementen die Fern-Kontrolle von den 
Dampfspeichern aus vereinfachen. 

Es kann nicht vermieden werden, dass die ersten Installationen 
mit einer iiberreichen Zahl von Instrumenten ausgeriistet werden, 
bis die Erfahrungen im Betrieb gezeigt haben, was ausgeschaltet 
werden kann. 


Instrumentacion de Circuitos de Gas y Vapor 


La instrumentacién de los circuitos de gas y vapor de un 
reactor de potencia puede ser dividida en tres funciones: 
seguridad, operacién eficiente, comprobacioén de “ performance” 
sobre un periodo de tiempo. En muchos casos estas funciones 
son coincidentes. 


Para el circuito de gas, las valvulas de seguridad corrientes 


serviran de proteccién contra las altas presiones, pero las 
presiones muy bajas causadas por fugas grandes necesitan 
impulsos de “* razén de cambio” para ofrecer una proteccién 
satisfactoria. La indicacién de presién puede ser mediante 
manémetro Bourdon normal o con equipo de_ telemedicidn 
a fuelle, lo que evitara tener que llevar los tubos de presiédn a 
través de lugares de trabajo o pasarlos adentro de salas de 
control. Los medidores de flujo son de tipo convencional, pero 
son preferibles las constricciones venturi o los tubos pitot a 
planchas con orificios. Para la medicién de temperatura, los 
pares térmicos son mas robustos que los termémetros de resisten- 
cia. Para la medicién de mondxido carbénico oxigeno de 
vapor de agua y actividad argonica es necesario tener equipo de 
andlisis de gases. 

En el lado del vapor se proveen valvulas de seguridad normales. 
Los niveles elevados de agua deben evitarse mas que los bajos, 
ya que causaran la transferencia de agua a las turbinas. El 
bajo nivel de agua no estropeara a los tubos, ya que las tempera- 
turas de gas son comparativamente bajas. 

Los reguladores de flujo de alimentacion del tipo de flotador 
sencillo han resultado satisfactorios, pero los tipos de dos o 
tres elementos posiblemente simplifiquen el control de alimenta- 
cidn a distancia de los tambores de vapor. 

Es inevitable que las primeras instalaciones sufran de un 
exceso de instrumentacion hasta que la experiencia en funciona- 
miento haya mostrado lo que puede ser eliminado. 
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Detectors—A Survey 


by J. SHARPE, B.Sc., A.M.I.E.E. 
(E.M.I. Electronics Ltd.) 


The phycisist and the nuclear engineer have at their command a formidable armoury of 
instruments for the detection and measurement of nuclear radiation and the problem is often 
not how to make a measurement, but which one of perhaps half a dozen different pieces of 


apparatus shall be used. 


T tasks which a nuclear radiation detector is required 
to undertake range from the measurement of the 
neutron flux in a reactor, to the determination of the C14 
activity in some archaeological specimen; from estimation 
of the gamma radiation emitted in the early stages of a 
nuclear explosion, to measurement of the fission product 
burden in human beings as a result of the explosion; from 
determination of the concentration of [131 in the thyroid 
of a patient, to observation of the time of arrival of a 
cosmic ray meson. The basic detectors, however, are rela- 
tively few in number, and all depend for their operation 
on the passage of a charged particle through the sensitive 
part of a detection medium. This particle may be that 
under observation, as when a Geiger counter is exposed 
to a source of beta particles from a radioisotope, or it may 
be a secondary particle, produced by the interaction of a 
gamma ray, or a neutron, with matter. 

The passage of a fast charged particle through a gas is 
accompanied by ionization, and the separation by an 
electric field of the positive and negative charges thus 
produced is the basis of all types of ionization detectors, of 
which the simplest is the ion chamber, as shown in Fig. la. 


Tonization Chambers. The value of w, the energy needed 
to form one ion pair, varies from gas to gas (see Table I), 
but is about 30 electron volts. The fluctuating noise level 
at the input of a high-gain amplifier of bandwidth sufficient 
to deal with the fast-rising pulse due to electron collection 
as well as the slower part due to ion collection, is equivalent 
to rather less than 10! ion pairs, so a particle dissipating 
less than 300 keV in the gas would not be detected as a 
single event. A continuous stream of particles passing 
through the chamber, however, would produce a fluctuating 
but continuous, ion current, which can be measured without 
great difficulty down to a value of 10" amp, corresponding 
to an energy dissipation of 30.104/e eV per sec, i.e., 
2 MeV/sec or ca 10° erg/sec. Using the most refined tech- 
niques, this limit can be lowered to about 50 keV/sec. 

By screening the anode of an ion chamber with a fine 
wire mesh, as shown in Fig. 1b, the induction of the positive 
ions is practically eliminated so that the pulse at the anode 
consists only of the electron component, and the bandwidth 
required from the amplifier for faithful reproduction of 
the chamber output is greatly decreased, with consequent 
reduction in noise level. This technique enables the energy 
of 5 MeV alpha particles to be measured! to an accuracy of 
13.5 keV, of which 10 keV is due to amplifier noise. 
Ionization straggling, of ca 100(2w)!/?/3E%, accounts for 
the remaining 6.8 keV. 


Conduction Counters. Following the work of 
van Heerden? in 1945, on AgCl as a conduction counter, it 
was realized that many insulators or semiconductors could 
be used as solid ionization chambers because the passage 
of a charged particle through the material provides energy 
to lift numbers of electrons into the conduction band, where 


It is the aim of this survey to assist in this choice. 


their mean lifetime is sufficiently long to enable collection 
by an electrode to take place. The great attraction here 
was the high density of such materials, as compared with 
a gas, so that much more energy could be extracted from a 
fast particle, and much greater cross section be presented 
for the scattering of gamma rays and neutrons. 

The condition for long electron lifetime in the conduction 
band is that the substance should possess a near-perfect 
lattice structure, free from traps, and this in turn requires 
the production of strain-free single crystals. Of the 
materials investigated, it is unfortunate that those which 
can be made in the form of large single crystals, e.g., AgCl, 
AgBr, must be cooled to liquid air temperatures to ensure 
good operation, while the materials which can be used at 
room temperatures (CdS, diamond), can only be obtained 
as small crystals. 

By using liquid argon as the ionization medium, gridded 
chambers have been made for beta particle measurement, 
with an energy resolution? of 100 keV, but the use of 
condensed media for conduction counters has been largely 
superseded by the much more convenient scintillation 
counter (see below), and the only survivor of this period 
between 1946 and 1950 is CdS sold commercially as a 
small area detector of X-rays and visible light. 


Table I. 
Fission Alpha Beta 
Material fragment particle particles 
70 MeV 5 MeV 10 keV 
| » eV per lon Pair 
Argon 28.5 26.3 26.9 
Hydrogen — 36 _ 
CH... 30.3 28.5 
| w, keV per Photoelectron | 
Decay Time 
Nal-TI 10 1 0.5 0.25 usec 
ZnS-Ag.... 5 0.5 0.5 -1 por 
Anthracene _ 10 1 0.03 
| Stilbene .. 200 21 17 0.006 
Terphenyl in 
phenyl 
cyclohexane + 
diphenyl hexa- 
triene as 
jastic phosphor .. 2to3 0,005 
tXe (Gas) .. 0.014 
Ss dary Emission coefficient, Electrons per Particle 
BeCu = -5 0.05 
*Ni, Al, Au, Cu ., 70 2 — (Thin foils with part- 
icle and secondaries 
on same 
with 


+ Northrup & Nobles, Nucleonics 14, No. 4, p.36, 1956. 
* Stein & Leachman, Review of Scientific Instruments, Vol. 27, 1049, 1956. 
t Erickson & Kauffman, Review of Scientific Instruments, Vol. 27, 107, 1956. 
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Proportional Counters. In order to detect levels of 
primary ionization in a gas which are below the limit set 
by amplifier noise, some form of noiseless amplification in 
the gas itself is required, and this is found in the pheno- 
menon of ionization by collision, in which the primary 
electrons are accelerated by a divergent electric field to an 
energy sufficient to ionize the next molecule with which 
they collide. The secondary electrons thus produced will 
go on to ionize in their turn and so on, until the avalanche 
of ionization reaches the surface of the positive electrode. 
In proportional counters, which utilize this effect, the 
divergent field is produced around an anode wire stretched 
along the axis of a cylindrical cathode. 

Typical values of gas multiplication factor, M, are shown 
in Fig. 2 for different gases in a particular geometry, as a 
function of anode voltage, and it will be seen that it is not 
too difficult to obtain M greater than 10‘, providing that a 
gas which is itself UV absorbent, or contains a UV absorb- 
ing component, is used to prevent the production of photo- 
electrons from the cathode by hard quanta from the 
avalanche. It is thus possible to detect single electrons 
produced in the gas of a proportional counter, and Fig. 3 
shows the pulse amplitude distributions which would be 
obtained from single electrons, and from _ ionization 
produced by 1 keV electrons stopped in argon. Work at 
Glasgow® has shown that the statistical spread of pulses 
from a perfect proportional counter for monoenergetic 
particles has a standard deviation of 100(4w)-"':/3E%, so 
that the noise introduced by gas multiplication is about 
equal to that inherent in ionization straggling. 

The above result is only obtained in a counter free from 
end effects, and this can be achieved by flattening out the 
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(a) (b) 
Fig. 1. Pulse ion chambers. 


electric field near the anode wire supports by field tubes 
(Fig. 4) maintained at a potential appropriate to the radius?. 
This design of tube has been used for energy measurement 
of short-range particles and also of betas whose range was 
much greater than that of the tube dimensions, by curling 
up the particle tracks into a small radius by means of a 
strong magnetic field, which was found not to affect the 
operation of the counter®. This technique can be regarded 
as a tour de force, however, and proportional counters 
designed to give good energy resolution find their main 
application in the measurement of X- and gamma rays 
in the energy range 0.5 to 100 keV, and in certain types 
of neutron measurement. 

The fact that useful values of gas multiplication can be 
achieved in gases obtainable commercially from cylinders 
makes it possible to design windowless proportional 
counters in which the source is moved into the body of the 
counter on a slide which moves against a gas-tight seal, 
the counting gas being then allowed to flow continuously 
through the tube to prevent the inward diffusion of air. 
By. this means, high stability can be achieved (Fig. 5a). 
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Geiger Counters. The limit to the gas multiplication 
factor obtainable from a proportional counter is set, first 
by UV production of electrons from the cathode, and then, 
in a UV absorbent gas, by the extraction of electrons from 
the cathode by the impact of positive ions, which move out 
from the region of the anode wire and strike the tube wall 


ENO OF PLATEAU 
COMPLETE DISCHARGE 
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° 1,000 2,000 3,000 
VOLTS 
(a) & (b) PRESSURE 10 cm Hg (c) & (c) & (e) PRESSURE 76 cm Hg 
(b). (e) & (¢) HAVE UV ABSORBING COMPONENT  (b) GEIGER COUNTER FILLING 


Fig. 2. Gas multiplication factor as a function of voltage. 


about 1,000usec after their formation in the avalanche. This 
effect is prevented in the Geiger counter by the inclusion in 
the vehicle gas, such as argon, in which the main gas 
multiplication occurs, of a quenching agent, which both 
absorbs UV and eliminates the positive ion effect at the 
cathode. This quenching agent must have an ionization 
potential less than the vehicle gas, and be of complex 
molecular nature with many rotational states amongst 
which energy can be distributed. 

The classical example of a GM tube filling is the ethyl 
alcohol (1 cm Hg), argon (9 cm Hg), mixture first introduced 
by Trost’, but in the last decade many others have been 
developed. Among the organic quenching agents, ethyl 
formate® is now perhaps the most widely employed, as it 
gives a longer counting life and has a lower temperature 
coeflicient than alcohol, but probably the most exciting 
development in this field was the discovery that the halogens 
could be used’ (see Table 2). Their efficiency at low partial 
pressure enables GM tubes to be made with operating 
voltages only a little above that at which the vehicle gas 
would go into a discharge, and by using a neon-argon 
mixture (Penning mixture!), with 0.02 cm Hg of Br, 
or Cl., counters working at 380 V can be made. The 
reactive nature of the halogens of course necessitates 
considerable care in tube manufacture, but, given this, long 
shelf life, low working temperature, an almost indefinite 
counting life can be obtained, because the halogen molecules 
which have dissociated on arrival at the cathode as positive 
ions, will recombine, in contrast to the dissociation products 
of organic quenching agents. 

A typical GM tube, consisting of an anode wire stretched 
along the axis of a cathode in a gas-tight envelope, behaves 
as an ion chamber for low values of applied voltage, and 
aS a proportional counter with increasing voltage, until M 
becomes about 10’. At this stage, photoionization begins 
to occur around the primary avalanche, and the discharge 
starts to propagate along the anode wire, until, at the 
threshold of Geiger action, complete discharge spread with 
a density of 10° ion pairs/cm of anode takes place (Fig. 2). 
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Above the threshold voltage, every ionizing event within 
the sensitive volume of the counter causes a discharge which 
spreads along the wire with a velocity of about 10 cm/jsec, 
and a counting rate plateau is obtained, as in Fig. 5b. The 
finite slope is due to an increase in sensitive volume of the 
counter as the field increases in the dead spaces near 
anode supports, and also to extractions of electrons which 


SINGLE ELECTRON 


Fig. 3. Pulse distributions from proportional counter. 


have been trapped by electronegative materials in the gas. 
At the end of the plateau, between 100 and 400 V above 
threshold, the ion density in the discharge becomes so high 
that the action of the quenching agent begins to fail, and 
spurious counts are produced. These take place when the 
sheath of positive ions from the anode has migrated to 
the cathode, taking about 500 to 1,000 usec. During the 
first 200 or 300 sec of this period, the space charge of 
ions, which are still relatively close to the anode, prevents 
the electric field from rising to the Geiger threshold, so 
there is a period of insensitivity after a count, which is 
followed by a recovery time during which the passage of an 
ionizing particle would give a pulse of reduced amplitude. 
In order to define this period of insensitivity, which would 
otherwise depend on the counting rate, it is desirable to 
operate a GM tube with an electronic circuit, which, 
triggered by the Geiger pulse, applies a negative square 
wave to the anode, of duration just longer than the recovery 
time, and so renders the tube insensitive ". This expedient 
also reduces the frequency of spurious counts. 

Most GM tubes are cylindrical in form, and for beta 
counting may have a thin wall of either glass or metal, 
which can in turn be surrounded by a sheath to contain 
a liquid. The window for the admission of betas can be 
made thinner, and so less absorbent, if it is mounted on the 
end of the cylindrical cathode, however, as shown in Fig. 6, 
and in this type the anode is supported from one end only. 

The sensitivity of gas-filled tubes to gamma rays depends 
on efficiency of production of electrons by the gamma ray 
quanta in the wall of the envelope and in the gas itself. 
For quanta of energy above ca 100 keV, gas absorption is 
very small, and while, by judicious choice of the envelope 
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material, high interaction probability can be obtained, the 
resulting electrons must emerge from the wall into the gas 
filling before a count can be obtained, so the absolute 
counting efficiency of GM tubes for gamma rays is quite 
small, as shown in Fig. 7!”. 


Spark Counters. The ionization track of a particle 
may be used to initiate a spark and although such detectors 
are of respectable antiquity!, they are no longer of practical 
importance. 


Scintillation Counters. The fluorescence induced in 
phosphors by nuclear radiation and X-rays has been used 
for detection over many decades, while the visible scintilla- 
tions produced by alphas striking ZnS are perhaps the 
simplest manifestation of the existence of individual nuclear 
particles. The development in the late 1930s of the photo- 
multiplier tube and its commercial production as a simple 
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Fig. 4. Proportional counter with field tubes. 


and reliable detector of low light levels made possible the 
extension of this technique, and in 1944, Curran and Baker! 
applied ZnS to the window of a 931A to make a simple 
electronic alpha particle scintillation counter. In the mean- 
while, Kallmann, working under great difficulties in Berlin, 
had shown that organic materials such as naphthalene and 
anthracene could act as efficient scintillation phosphors, 
and the publication of this work in 1947 was followed 
rapidly by that of Hofstadter and Bell!® which opened the 
door to the wide use of scintillation counters both for 
particle detection and energy measurement, and stimulated 
the development of more efficient photomultipliers having 
end window cathodes of comparatively large area, of which 
the first samples were provided by E.M.I. in 1948. A set of 
modern tubes is shown in Fig. 8. 

Since, in a scintillation counter, the phosphor and the 
photomultiplier cathode must be considered together, the 
effective values of w given in Table 1 refer to the energy 
abstracted from the particle in the phosphor which results 
in the production of one photoelectron from a Cs—Sb 
cathode of average sensitivity (50 uA/lumen), which can be 
considered as having a mean quantum efficiency of 10% 
over the spectral range 5,000 A.U. The most useful 
phosphors will also have their fluorescent light output in 
this region, and to ensure this in the case of the liquid 
phosphors, it is necessary to incorporate in the solution a 


Table 2. Gas Mixtures used in GM Tubes 


Vehicle gas Pressure cm Hg Pressure cm Hg E eV Vr 
Argon a oP - 10 15.7 Ethyl! Alcohol 1 11.3 1,100 5 to 50 
Argon 10 Ethyl Formate 1 1,200 —20 to 50 
Argon and Helium Mixture 40 to 70 24.5 Ethyl Formate 1 — 1,400 —20 to 50 
Neon— 20 21.7 Halogen (Br2 or Cl2) 0.02 12.8 360 —55to 75 
Argon 0.02 0.02 13\2 
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secondary phosphor which re-radiates in the blue the energy 
which the primary material emits in the UV. 

It will be seen from Table 1 that w increases as the 
velocity of the charged particle decreases and that in organic 
phosphors an alpha particle gives the same light output as 
an electron with only one tenth of its energy, although 
above a certain velocity, good linearity is obtained. In this 
region of linearity, it is found that the energy resolution, 
as defined by the standard deviation of the gaussian distri- 
bution of pulse amplitudes given by monoenergetic particles 
in the phosphor, is proportional to E-'*, as would be 
expected from the quantized nature of the primary signal, 
N=E/w, and the effective values of w in Table 1 have been 
largely determined by analysis of such distribution curves. 

Recent work, however, has shown that the true values of 
w may be between 2 and 3 times those given, the 
discrepancy arising because of another source of statistical 
spread which is inherent in the crystal. This is associated 
with the nonlinearity at low particle energies, and with the 
fact that the proportion of primary particle energy used 
in the production of delta rays (low-energy electrons) varies 
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Fig. 5a. Plateaux of proportional and scintillation counters 
for « particles. 


Statistically from particle to particle. This effect has been 
studied particularly in NalI-Tl, where it is found that the 
limiting resolution is about 6$°% for the Csi37 photopeak 
(see Fig. 9), while in the absence of this inherent spread, 
a value of 4% would be obtained for an average photo- 
multiplier’. An important result of this phenomenon is 
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that while the true value of N is doubled by using a photo- 
cathode having the high sensitivity of 100 »A/lumen, the 
observed resolution only decreases from 7.6% to 6.9% for 
Cs137, 

A type of interaction resulting in the emission of light, 
but not related to fluorescence, is the Cerenkov'® effect, 
produced when a charged particle passes through a medium 
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Fig. 5b. Plateau of Geiger Counter. 


with a velocity greater than the velocity of light, in the 
medium. The latter is c/v where v is the refractive index 
of the material, so the effect is shown by particles of 
velocity greater than 0.7c in glass, and for v=c about 
250 photons of visible light are emitted per cm of path in 
glass. As the particle velocity falls below the Cerenkov 
threshold, light still continues to be emitted from many 
substances, due to the excitation of optical levels in the 
molecular structure, and this effect is particularly marked 
in gases, as will be seen from Table 1. 

Secondary Emission Detectors. The production of 
delta rays, mentioned above, results in the emission of 
secondary electrons from the surface of a target when it is 
struck or traversed by a charged particle, and these 
secondaries can be accelerated into a dynode system, 
similar to that used in a photomultiplier, or accelerated 
on to a phosphor, where they produce scintillations which 
can be observed by a PMT. In either case, the target and 


Table 3. Detection of Neutrons and Gamma Rays 


E measured in MeV 


Process 


Charged Particle 


Energy Available 


Cross Section (1 barn=10-24cm?) 


Bio+n—x+Li7.. 
.. 
He3-++n—p+Hs.. 


Cd113-+ n—>Cd114+ gamma 
Int1s+ n—>ln116+ gamma 
2n 

Ua2as Fission 


U2a8 Fission 


Neutron scatter on Hydrogen 


Proton 
a—particle 


a—particle and triton 
Proton and triton 


None 

from In116 
Positron from C11 
Fission fragments 


Fission fragments 


E(max) = E(n) 
2.8 MeV 

4.8 MeV 

0.78 MeV+E(n) 


E(gamma)=7.8 MeV max. 
E(gamma)=8.2 MeV max. 
E(max) from 20 min. 

C11 decay=0.97 MeV 
Light fragment 93 MeV 
Heavy fragment 59 MeV 


Compton scattering 
of Gamma rays 


Photoelectric absorption 


Pair Production. . 


Electron 


Electron 


Electron and positron 


E+ +E ~=E,—1.02 MeV 


o(n,p)=4.5En~"/2 barns 

o for thermal neutrons=3,770 barns 
(o=1.61 b.m/psec) 

o for thermal neutrons=902 barns 

o for thermal neutrons=5,000 barns 
o for neutrons of 0.1 MeV=1.5 barns 
o for neutrons of 1 MeV=0.8 barns 
o for thermal neutrons=20,000 barns 
o for thermal neutrons=145 barns 
Threshold at 20 MeV 

E(n)=90 MeV, o=0.02 barns 

o for thermal neutrons=545 barns 


Threshold at 1 MeV 
o for natural uranium=0.42 barns at 2 MeV 


Z is atomic number of scattering medium 
o (c)—0.2 . Z barns 


o (p)—3x10-? . Z5 barns 


o (pr) —6.2x 105 . 
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accelerating system must be mounted in vacuo, which must 
also contain the dynode system in the first mentioned 
method of detection. Values of the secondary emission 
coefficient are given in Table 1. 


Thermal Detectors. The energy dissipated by a 
particle must eventually appear as thermal energy, and by 
making use of sufficiently sensitive apparatus, this can be 
detected. (1 MeV/sec=1.6 X10" watts.) 


Passive Detectors. The permanent chemical and 
physical changes produced by the passage of fast-charged 


CATHODE 


Fig. 6. End-window 
GM tube. 


particles in many substances may be used to store up 
information which can be subsequently extracted. The 
use of photographic emulsions is an example. 


Time Characteristics 


The time characteristics of detectors that are of importance 
are, 1, the delay between occurrence of the excitation and 
the output of the signal from the detector, and, 2, the 
time resolution, which is the time over which an initially 
almost instantaneous event is spread at the detector output. 

In ionization counters, the velocity of the electrons moving 
toward the anode is between 10° and 10’ cm/sec, depending 
on the field, and so for normal dimensions, delay times 
of the order 0.1 to 1 usec are obtained, while resolving times 
of the same order will be obtained unless collimation of 
particle tracks is used to reduce the time dispersion. Two 
exceptions must be mentioned, however; in the parallel- 
plate spark counter, the time delay is less, of the order 10-8 
sec, Owing to the part played by UV quanta in propagating 
the spark!’, while in GM tubes containing halogens, delays 
of several usec occur, presumably due to temporary trapping 
of the primary electrons”. 


Table 4 
Data Relating to Charged Particles 


Bethe-Bloch Formula for energy loss of particle of velocity (3c and charge ze moving 
through material of atomic number Z and atomic weight A, is 


dE zZz* 1.02? 
—— = 0.314 —— | log ———- 
dx AB? zi(1—?) 
lis average excitation energy/electron and is ca 11.5 . 10—* MeV. 
Minimum energy loss occurs for (3=0.98 and is ca 2 MeV/g—cm?. 
For thin detectors—most probable energy loss is less than mean energy loss 5° 5". 
Cerenkov Radiation * 


Particle of velocity Gc and charge ze passing through medium of refractive index v 
emits light in conical wave front at angle 0 to direction of particle, 


where 6 = cos—* 
Intensity of light of frequency f over a bandwidth df 
27 sin?0 
= 450 sin?0 . photons of visible light/em 
in glass of v=1.5 


MeV/g—cm? 


P yom 


Ranges of Particles in Al. 


Electrons E (MeV) 0.01 0.1 
R g/cm? a7 0.013 0.45 52 
Protons E (MeV) 7 18 73 340 
0.01 0.48 5.76 79.5 
Alphas ™ (MeV) 5.3 73 
R g/cm? 0.0058 0.011 0.5 


Fission Fragments 


Light Fragment 
R=4.25 mg/cm? 


Heavy Fragment 
R=3.6 mg/cm? 
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The time of transit of electrons through the multiplier in 
a scintillation counter or secondary emission detector is of 
the order 4x10 sec while the time resolution varies 
from 0.3 to 3X10° sec, dependent on the dynode 
arrangement (Table 5). The decay time of phosphors varies 
from several microseconds to as low as 2X10° sec (see 
Table 1), while the inherent time spread due to multiple 
reflection in the light output from a Cerenkov radiator 
depends on the dimensions but is around 10-9 sec for blocks 
20 cm in length. 


Specific Applications 

Alpha Particles. The use of ionization chambers for the 
measurement of the energy of alphas has been dealt with 
above, good energy resolution being obtained in this case 
because of the large value of N, which is much greater than 
could be obtained in a scintillation counter. 

The assay of alpha emitting sources is conveniently 
carried out routinely in a flow proportional counter, as 
shown in Fig. 10, using argon as the counting gas”!, but for 
absolute measurements, the effect of particles backscattered 
from the tray must be eliminated either by the use of a 
4x geometry, in which a source deposited on a very thin film 


LEAD 


BRASS 


COUNTING EFFICIENCY 


Ey MeV 


Fig. 7. Counting efficiency of Geiger counters to y rays. 


is mounted between a pair of flow counters, or else by 
means of a low geometry counter. Here, only alphas 
emitted at angles near normal are counted, and the efficiency 
is calculated from the accurately known geometry of the 
arrangement”. By making the distance from source to 
defining aperture only slightly less than the particle range 
in the counter gas, useful energy resolution is obtained by 
examination of the end part of the track. 

Alpha particle scintillation counters are most widely used 
for health physics work, and a typical probe is shown in 
Fig. 8(a), the ZnS screen being covered by a light-tight Al 
foil. A variant of this arrangement may be used for assay 
work, but suffers in comparison with the flow counter 
because of the slightly greater plateau slope, lower 
geometrical efficiency and rather greater background count 
rate, which in a typical case could be 2/hour, as compared 
with 4 to 1 count/hour. Air-filled proportional counters 
have been used in hand monitors”. 


Beta Particles. The end window GM tube is probably 
the most widely used counter for betas, while the various 
forms of sheathed cylindrical counters are widely used for 
assay of liquid samples. The GM tube suffers, however, 
from a slightly fluctuating efficiency, probably due to 
electronegative components in the gas, and it is difficult 
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Dynode 
chain” 


Fig. 8. On right. Group 
of modern photomultiplier 
tubes (E.M.I. Ltd.). 


6097 


mer 


Whitened 
surface 


Fig. 8a. Diagram of scin- 
tillation counter. 


Perspex 
ZnS layer A! 


Protective grille 


to obtain an absolute accuracy much better than 23% 
unless extremely frequent standardization is carried out. 
Some improvement in stability may be obtained by placing 
a diaphragm-stop in front of the window to limit the beta 
tracks to a region near the anode wire*. 

Better stability and greater counting efficiency can be 
obtained by the use of a flow proportional counter using 
methane as the gas, particularly in the case of low energy 
beta emitters such as C14, while a 4x arrangement can be 
used for absolute measurements just as in the case of 
alphas. 

In other cases it may be convenient to use a demount- 
able GM counter into which a large area source may be 
slid before the tube is evacuated and filled with counting 
gas, as in the Libby screen wall counter®, which enables a 
5% counting efficiency to be obtained from ca 10 gm of a 
source containing Ci4. By converting the source material 
to a gas, however, as can be done for C14, S35 and H3, 
and then incorporating the gas in the filling of either a GM 
tube**, or a proportional counter’, very much greater 
efficiency can be obtained. 

If it is not possible or convenient to provide a gaseous 
source of sufficient purity for use in a counter, an ionization 
chamber may be used to assay material of reasonable 
activity, down to a few disintegrations per second, in a 
300 c.c. chamber filled to atmospheric pressure. 

Sealed, thin window ion chambers are used on industrial 
machines to measure the transmissions of betas through 
material whose thickness is to be controlled (Fig. 12). 

There is virtually no advantage in using a scintillation 
counter to replace a GM tube as such, although a plastic 
scintillator has been used in the Calder Hall Burst-slug 
detector, but it is now possible to incorporate some 
materials, notably Ci4 and H3 into liquid phosphors or 
scintillating gels”, and thus obtain good counting efficiency 
combined with simple source preparation. It is desirable 
in this case either to refrigerate the assembly or to use a 
photomultiplier tube made specially to have low thermionic 
emission. 

In any counter for beta particles, the limit of sensitivity 
is set by the background, due to local gammas and cosmic 
rays. In so far as the former are due to structural material 
radon, etc., they can be screened off by the use of pure 
mercury, steel or lead, but since some are due to n,y 
reactions from cosmic-ray produced neutrons, a further 
screen of borated wax is desirable. The cosmic-ray back- 
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ground itself can be greatly reduced by the use of 
anticoincidence screens, using large numbers of GM tubes 
(not halogen quenched). By these means, it is possible to 
reduce the background in a 1.5-litre counter to ca 2 counts 
per minute. 

For health physics and prospecting work, the low-voltage 
halogen quenched tube is widely used in_ portable 
equipments”. 

Gamma Rays. For general convenience and simplicity, 
the ionization chamber is outstandingly the best instrument 
to use for monitoring gamma rays and much work has been 
done on making tissue equivalent chambers for accurate 
dosage measurement. Some work has also been done on 
tissue equivalent phosphors viewed by a photocell *!. Where 
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Fig. 9. Cs 137 y-rays on Nal-TI scintillation counter. 


sensitivity, as distinct from tissue equivalence, is required, 
large, high-pressure chambers have been used, as in some 
body monitors. 

The scintillation counter, however, is the instrument 
which has transformed the assay of gamma emitters both 
because of its energy resolution, discussed above, and 
because of the high stopping power presented to gammas 
by the large clear blocks of crystal which are now 


Table 
Time Spread 
Tube Type No. of Stages Overall Voltage Gain (Width at half amplitud e) 
R.C.A. 6810 (Focussed dynode) 14 2000 1.3107 9x10°* sec. 
E.M.I. 6097 (Venetian blind dynode) 11 1920 2x10’ 18x 10°° sec. 
Du Mont 6292 (Box and grid dynode) a PF we 10 1600 2x 10° 20x 107° sec. 
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obtainable, and is supreme in the field, except for X-rays of 
energy below 100 keV, where the better energy resolution 
of the proportional counter makes its use more attractive**. 

Fig. 11 shows the gamma-ray spectrum of Coso, which 
emits two quanta of 1.17 MeV and 1.33 MeV in succession. 
The two peaks are clearly resolved, and stand well clear of 


Anode connection 


Fig. 10. Flow propor- 
tional counter. 


the lower energy continuum due to Compton scattering. 
(See Table 3.) This latter would complicate the spectrum 
from a complex source, and various expedients have been 
suggested in order to eliminate it. One such, due to 
Pierson“, subtracts the Compton distribution in an 
anthracene crystal from that given by a Nal-TI crystal 
mounted on the other side of the source, but a more 
fundamental method has been suggested by Albert®. In 
this, the NaI-Tl crystal is surrounded by another phosphor 
to detect any quanta scattered from the inner crystal. By 
operating the two counters in anti-coincidence, only pulses 
in the inner crystal corresponding to photoelectric absorp- 
tion, or to complete Compton scattering, will be recorded. 

The existence of multiple scattering in a crystal results in 
more pulses appearing with the full gamma-ray energy than 
would be expected from consideration of the photoelectric 
cross section of the material, and the larger the crystal, the 
larger this effect, and there is a very substantial gain to be 
obtained in going from a 14-in. by 1-in. to a 3-in. by 3-in. 
crystal**. By using a very large crystal drilled with a well 
to contain the source, the total energy per disintegration 
will be recorded, and for instance, a Coeo source would 
show a peak at 2.5 MeV?’, 

On the gamma-ray spectra in Figs. 9 and 11, a subsidiary 
peak will be seen at ca 250 keV, due to back-scattered 
gamma rays. It is found that the maximum intensity of 
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back scatter is obtained from high-density material of 
atomic number around 26, and this has been applied in a 
gauge for measuring the thickness of iron pipes®. 

The high efficiency of gamma-ray detection afforded by 
scintillation counters has resulted in the development of 
many portable instruments for prospecting, including some 
for airborne use, using very large crystals, while similar 
considerations have led to the development of sensitive 
body monitors, readily capable of detecting the fission 
product burden of humans. 


Neutrons. Thermal neutrons are readily detectable by 
their interaction with Bio which results in 2} MeV of 
charged particles (Table 3), and these can be detected in 
any of the ways described under alpha particles. The 
y ray from the n,y reaction in Cdii6 can also be used, by 
detection in a scintillation counter *. 

Perhaps the most useful research instrument is the propor- 
tional counter filled with enriched Bio F,, which can now be 
made to have stable characteristics in spite of the trouble- 
some nature of the gas filling**, while for control of reactors, 
ionization chambers filled with hydrogen or argon and 
having boron-coated electrodes, are widely used‘!. In these, 
special attention is paid to minimizing the ion current due 
to beta activity induced in the materials of construction so 
that they can be used over a wide range of neutron density. 
Thermopiles containing boron on alternate junctions have 
also been made to indicate very high neutron densities where 
it would not be possible to use an ion chamber*!. 

When very high discrimination against gamma rays is 
required, ion chambers containing electrodes coated with 
U235, or other suitable material, and filled with hydrogen 
are employed.” 

Fast neutrons may be detected by the recoil protons 
from hydrogenous material, either used as a radiator into 
a proportional counter or on to a ZnS _ phosphor," 
or incorporated in the gas filling of the detector, which 
might be a hydrogen filled ion chamber. In either case, 
rather low detection efficiency is obtained, owing to the 
low cross section for (n,p) scattering. (Table 3.) Where 
it is not required to determine the energy, it is possible 


Equipement de Détection des Radiations 

Les méthodes de détection des radiations sont passées en 
revue en termes de leur valeur historique, des progrés réalisés 
au cours des années et des limitations précédentes. Le plus 
grand progres de ces derniéres années a été le développement 
du compteur de scintillations lequel, avec les grands phosphores 
crystallins uniques actuellement disponibles, donnent non seule- 
ment une mesure de l’intensité de la radiation mais aussi de la 
qualité. Les recherches au cours des années précédentes ont, 
toutefois, beaucoup fait pour aider a deéfinir les précisions, 
stabilités et sensitivités qui peuvent étre obtenues avec les divers 
types de détecteurs et les expérimentateurs ont maintenant 
devant eux une gamme étendue d’appareils de détection dont il 
leur faut choisir ceux qui conviennent le mieux aux expériences 
particuliéres en train d’étre entreprises. Le but de la revue 
est de présenter a l’expérimentateur les qualités essentielles du 
détecteur qui doivent étre examinées afin de rendre ce choix 
plus facile. 


Apparate zum Entdecken von Strahlen 

Es wird eine Uebersicht iiber die Methoden zum Entdecken von 
Strahlen gebracht, und zwar in Bezug auf die historische Entwick- 
lung, den Fortschritt in den vergangenen Jahren und die 
Beschrankungen, denen sie unterliegen. Der wesentlichste 
Fortschritt in den letzten Jahren ist in der Entwicklung des 
Szintillations-Zdhlers zu sehen, der unter Verwendung des 
jetzt zur Verfiigung stehenden grossen Phosphor-Einkristalls 
nicht nur die Intensitat der Strahlen zu messen gestattet, sondern 
auch ihre Eigenschaft. Die Arbeit der Forscher hat indessen 


in den letzten Jahren viel dazu beigetragen, um die Genauigkeit, 
die Stabilitdt und die Empfindlichkeit, die bei den verschiedenen 
zur Verfiigung stehenden Typen von Detektoren zu erzielen sind, 
zu bestimmen, und die Forscher in den Laboratorien haben jetzt 
eine grosse Anzahl von Apparaten vor sich, unter denen sie den 
passendsten auszuwdhlen haben, der fiir das Experiment, das 
vorliegt, in Frage kommt. Das Ziel der Uebersicht ist nun, 
dem Forscher die wesentlichen Eigenschaften des jeweiligen 
Detektors darzulegen, die einer Priifung zu unterziehen sind, 
um diese Auswahl leichter zu gestalten. 


Equipo para Descubrir la Radiacion 

Se revisan aqui los métodos para descubrir la radiacién en 
términos de valores historicos con relacion a los pasados afios 
y alas limitaciones previas. El avance mas importante en anos 
recientes ha sido el desenvolvimiento del contador de centelleo 
que, juntamente con los grandes fdsforos cristalinos sencillos 
ahora disponibles, no solamente dan una indicacién de la inten- 
sidad de la radiacién, sino que también indican la calidad. 

Sin embargo, las investigaciones realizadas en anos pasados, 
han significado mucho en la definicién de exactitudes, estabilidades 
y sensibilidades que se logran con los diferentes tipos de detectores, 
y los experimentadores se encuentran ahora con una amplia 
gama de equipo detector del que habran de seleccionar el mas 
indicado para los experimentos especiales que tengan en mano. 

La revista tiende a presentar al experimentador las cualidades 
esenciales del detector que habran de ser tenidas en cuenta para 
que su seleccion resulte mas facil. 
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to use a moderator, such as paraffin wax, to slow down 
the fast neutrons, so that they may be counted in a BF, 
filled tube, and this can be so arranged that an efficiency 
independent of energy is achieved.* 

The use of a hydrogenous phosphor as a scattering and 
detection medium for fast neutrons is rendered difficult by 
the non linearity of organic materials, since electrons 
produced from gamma rays give pulses as large as the 
recoil protons. This has been overcome at the expense of 
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Fig. 11. Coso y-rays on Na I-Tl crystal + 9531 PMT. 


some complexity by incorporating a phosphor containing 
Bio or Cd in the liquid. Each pulse, which might be due 
to a proton, is then examined for coincidence with a later 
pulse from the n,« or n,y reaction caused by the thermalized 
neutron. Moderate energy resolution and quite good 
efficiency is obtainable by this means.‘ 

Tissue equivalent ion chambers have been developed for 
the measurement of fast neutron dosage,“ but most 
health physics instruments still rely on the use of a 
hydrogen filled ion chamber.*® 


Slow Charged Particles. The techniques discussed above 
in 1.C, secondary emission detectors, are particularly useful 
with particles of such low energy that detectors with 
absorbing windows cannot be used, and multipliers have 
found useful applications in mass spectrometers and as 
detectors of soft X-rays and hard UV.” 


High Energy Charged Particles. The techniques now 
under discussion are particularly applicable to particles of 
such high energy that they dissipate only a fraction of 
their energy in any individual detector, so that the energy 
resolution is limited by the statistics of the energy loss®®: *!. 

The passage of such a particle may be detected by a 
coincidence telescope, using GM _ tubes, or scintillation 
counters, or both in combination. The interesting problem, 
however, is the identification of the particle mass, charge 
and energy. 

The light from the Cerenkov effect is proportional to 
the square of the particle charge, Ze, and is a function of 
its velocity (Table 4), while the rate of energy loss in a 
detector medium can be shewn to be roughly proportional 
to M°-8,Z72/E°8. Moreover, the angle at which Cerenkov 
radiation is emitted relative to the track of the 
particle is also a function of velocity, (Table 4), and if 
this can be measured accurately and the nature of the 
particle is known, a definite energy can be assigned.*? 
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Fig. 12. 
A f-sensitive ion 
chamber used on 
a thickness guage 
(Isotope 
ments Ltd.). 


By using these relationships it is possible in many cases 
to obtain valuable information about the particles passing 
through the combination of detectors,** while even 
localization of the track can be achieved by using the 
geometrical properties of the detectors.* 


References 


‘ Frisch U.K.A.E.A. Report, Br. 49, 1944. Bunemann et al, Can. J. Res., 
Vol. 27, p. 191, 1949. Engelkemeir and Magunsson, Review, Scientific Instru- 
ments, Vol. 26, p. 295, 1955. Herwig et al, Review, Scientific Instruments, 
Vol. 26, p. 929, 1955. 

* Van Heerden, Thesis (The Crystal Counter), Utrecht, 1945. 

3 Marshall, Review of Scientific Instruments, Vol. 25, p. 132, 1954. 

* eg. R.C.A. type 6694A. 
es — and Curran, Review of Scientific Instruments, Vol. 22, p. 37, 

®* West and Rothwell, Philosophical Magazine, Vol. 41, 
Curran et al, Proceedings Royal Society, Vol. A63, p. 845, 

7 Trost, Phys. Z, Vol. 35, p. 801, 1935. 

* Jenkins, Journal Scientific Instruments, Vol. 27, p. 254, 1950. 

* Geiger and Haxel, German Patent 682657. Present, Physical Review, 
Vol. 72, p. 243, 1948. 

‘” Penning, Z.f. Phys., Vol. 46, p. 335, 1927. 
sna Cooke-Yarborough et al, Journal Scientific Instruments, Vol. 26, p. 124, 

‘2 Sharpe, British Communications and Electronics, Vol. 4, p. 150, 1957. 

‘S Greinacher, Helv. Phys. Acta, Vol. 9, p. 590, 1936. Chang a 
Rosenblum, Physical Review, Vol. 67, p. 222, 1945. 

'* Curran and Baker, Review of Scientific Instruments, Vol. 19, p. 116, 1948. 

‘° Kallmann and Broser, Z.f. Naturforschung, Vol. 2a, p. 439, 642, 1947. 
Hofstadter, Physical Review, Vol. 74, p. 100, 1948. Bell, Physical Review, 
Vol. 73, p. 1405, 1948. 

‘® Bell, Nucleonics, Vol. 14, No. 4, p. 53, 1956. 

7 Owen and Sharpe, Unpublished Measurements. 

*8 Cerenkov, C.R. Acad. Sci. U.S.S.R., Vol. 2, p. 451, 1934; Vol. 20, 
651, 1938; Vol. 21, p. 116, 1938. Physical Review, Vol. 52, Pp. 387, 1937. 
1 Nedd idermayer et al, Review of Scientific Instruments, Vol. 18, p. 488, 1947. 
20 Sharpe, Nuclear Radiation Detectors, p. 168 (Methuen 1955). 

21 Sharpe and Taylor, Proceedings I.E.E., Vol. 98, p. 210, 1951. 

22 Hanna et al, Physical Review, Vol. 78, p. 617, 1950. 

23 Simpson, Review Scientific Instruments, Vol. 19, p. 733, 1948. 

24 Gleason et al, Nucleonics, Vol. 8, No. 5, p. 12, 1951. 

2° Libby, Physical Review, Vol. 55, p. 245, 1939. 

26 Brown and Miller, Review Scientific Instruments, Vol. 18, p. 496, 1947. 
Hensen, British Journal Applied Physics, Vol. 4, p. 217, 1953. 

2? Burke and Meinshein, Review Scientific Instruments, Vol. 26, p. 1137, 1955. 

a Engineering (Calder Hall Burst Slug Detector), October, 1956, 
Pp. 

2° White and Helf, Nucleonics, Vol. 14, No. 10, p. 46, 1956. 

’° Franklin and L Proc 5.E.E., Vol. 98, p. 237, 1951. 
Levine et al, Nucleonics, Vol. 6, p. 56, 1950. 

%* Gray, British Journal Radiology, Vol. 10, p. 600, 1937. Taylor and 
Sharpe, Proceedings 1.E.E., Vol. 98, p. 181, 1953. Breitling and Glocker, 
Naturwiss, Vol. 39, p. 84, 1952. Carr and Hine, Nucleonics, Vol. 11, 
No. 1, p. 53, 1953. 

82 Rundo, Journal Scientific Instruments, Vol. 32, p. 379, 1955. 
et al, Nucleonics, Vol. 14, No. 1, p. 76, 1956. Owen, U.K.A.E.A. Report, 
EL/R 1851, and Proc. I.E.E., 104B, 9, 1956 (Scintillation counter Techniques). 

°3 Lang, Journal! Scientific Instruments, Vol. 33, p. 96, 1956 

34 Pierson, Nature, Vol. 173, p. 990, 1954. 

5° Albert, Review Scientific Instruments, Vol. 24, p. 1096, 1953. Bell, 
Science 120, 625, 1954. 

36 Lindqvist, Physical Review, Vol. 100, p. 145, 1955. 

Vol. 14, No. 4, p. 52, 1956. 

37 Bell, Nucleonics, Vol. 12, No. 3, p. 54, 1954. 

3* Putman and Jefferson, Journal Scientific Instruments, Vol. 32, p. 394, 1955. 

3° Duckworth et al, Nature, Vol. Rae and Bowey, 
Proceedings Physical Society, Vol. A66, p. 1073, 1953. 

40 Sharpe and Salmon, U.K.A.E.A. Reports EL/R 1073 and 1239. 

4) Jaques et al, Proceedings I.E.E., Vol. 100, p. 110, 1953. 

42 Aves et al, Journal Nuclear Energy, Vol. 1, No. 2, pp.’ 110-116, 1954 
(Dec.) 

43 Rossi and Staub, Ionization Chambers and Counters, Experimental Tech- 
niques, p. 184 (McCraw Hill 1949). Holt and Litherland, Rev. Sci. Inst. 25, 


298. 1954. 
167, p. 437, 1951. 
1952. 


p. 873, 1950. 
1950. 


Anderson 


Bell, Nucleonics, 


44 Harding, Nature, Vol. Hornyak, Review Scientific 

Instruments, Vol. 23, p. 264, 
* Hanson and McKibben, Physical Review, Vol. 72, p. 673, 1947. Brugger 

et al, Physical Review, Vol. 100, p. 84, 1955. 

‘6 Muelhause and Thomas, Nucleonics, Vol. 11, No. 1, p. 44, 1953. 

47 Failla and Rossi, Am. J. Roentgonology, Vol. 64, p. 489, 1950. 

4* Taylor and Sharpe, Proceedings I.E.E., Vol. 98, p. 181, 1951. 

49 Allen, Review Scientific Instruments, Vol. 18, p. 739, 1947. 
Physical Review, Vol. 83, p. 349, 1951. 
Instruments, Vol. 27, p. 109, 1956. 
ments, Vol. 21, p. 884, 1950. 

5° Landau, J. Phys. U.S.S.R., Vol. 8, p. 201, 1944. 

5! Symon, Thesis, Harvard University, 1948. 

52 Jelley, Proceedings Physical Society, A64, p. 82, 1951. Jelley, U.K.A.E.A. 
Report NP/R 1770. Mather, Physical Review, Vol. 84, p. 181, 1951. 

53 Wolfe et al, Review Scientific Instruments, Vol. 26, p. 504, 1955. 
McDonald, Physical Review, Vol. 104, p. 1723, 1956. 

54 Yuan and Poss, Review Scientific Instruments, Vol. 23, p. 553, 1952. 


Robson, 
Stanton et al, Review Scientific 
Morrish et al, Review Scientific Instru- 


i 
: 
| 
| 
: 
| 
] 
i 
j 
4 
e 


198 NUCLEAR ENGINEERING 


May, 1957 


Computers—Analogue and Digital 


The basic principles of both analogue and digital computers are outlined and a 


comparison made of their respective usages and reliability. 


MODERN engineering calls for designs which are based 
not only on past experience and approximation but also 
on strict calculations frequently of a highly complex nature. 
One of the problems in the past in design studies has been 
the length of time and the amount of effort required to 
solve mathematical problems by human endeavour; with 
the result that where possible such calculations were 
avoided, and either excessive safety factors were added or 
failures resulted. The advent of the computer has, however, 
enabled problems of very considerable complexity to be 
handled at high speed and has also provided a method of 
handling experimental data already to hand and processing 
it to a form whereby the design team or the operational 
team can interpret the results rapidly and accurately. 
Whilst rudimentary computing equipment such as the 
abacus has been available through the ages, it only provided 
aids to human processes; the machines could not be 
instructed to perform an operation and then left to 
themselves. Computers as they are known today are 
capable of storing both information and instructions and 
can be left to calculate on their own. They fall into two 
general classes—analogue and digital. 


Analogue Computers 

The analogue computer, as its name implies, simulates in 
electrical and mechanical circuits physical processes that 
will take place in an operational machine or mathematical 
functions which can operate on information supplied. 

Its development has been made possible by the growth of 
experience in electronic engineering, by the production of 
more reliable components and has been stimulated by the 
vital necessity for machines which can give accurate and 
virtually immediate answers to questions which would 
involve months of human calculation with a_ high 
probability of error in the final answer. 

The networks required to simulate various processes 
obviously cover a very wide range, but in general they are 
based upon a high-gain direct-coupled amplifier with 
adjustable feed back schematically shown in Fig. la. 
Variation of the impedances Z, and Z; allows a number of 
simple functions to be performed, such as scaling (or 
amplification), integration and differentiation (Fig. 1b-1d). 
Multiplication of two signals is usually performed electro- 
magnetically, for example, by driving the gain of one 
amplifier by a servo fed from the second amplifier. 
Combinations of circuits allow any number of mathematical 
operations to be accomplished with reasonable ease. The 
differentiation and integration circuits allow the handling 
of differential equations and particularly with linear 
functions units can be made both simple and standard. 
Non-linear functions, whilst more difficult to simulate, can 
be built up from the basic units of resistance, capacity, 
induction, amplification and rectification, but the design of 
such circuits is a highly skilled occupation. 

A familiar application of the analogue computer in 
nuclear engineering is the reactor simulator, in which the 
combination of electrical networks simulates the various 
plant functions associated with neutron flux, heat output, 
coolant flow, fuel element temperature, etc. By individual 


adjustment of these parameters it is possible to study the 
effect on the equilibrium conditions. Results are indicated 
on meters and recorders. The instrument also provides a 
powerful tool in the assessment of transient disturbances, 
such as a sudden change in reactivity. 

The analogue computer is essentially constructed to 
perform a definite fixed series of operations and although 
some alteration of the interconnections is possible and 
coefficients are readily adjustable, the flexibility of the 
system is limited. 


Vo=V2//Z, 
(a) 


Vo=ViRY/R, Vo= dt 
2 (b) 
R 
(b) scaling 
c) integrating 
( 
(d) differentiating 
Vo=CR d(V,)/de 


(d) 


Fig. 1. Basic principles of analogue computer. 


Digital Computers 


The digital computer makes no attempt to simulate any 
physical machine. It is essentially a calculating machine 
which is capable of undertaking a very great variety of 
mathematical operations in a sequence which is defined 
before the computer is set in operation, but the instructions 
can be so written that at given points they are modified by 
results the computer has produced during its operation. 
The computer cannot think. Its power lies in its speed of 
action and versatility of operation, which allows it to try 
a vast number of conditions and reject, record or derive 
further information from these results. 

The computer is normally based on a binary system 
whereby all information and operations are converted into 
groups of numbers (or words) expressed on a binary scale. 
Instruction and/or information are usually fed in on one 
or more punched paper tapes or on packs of punched cards; 
this information will be prepared in decimal or alphabetical 
form and converted automatically into binary form on 
input to the computer. In a typical row of holes 
instructions will be fed to the machine as to what 
operation should be performed, where the operand can 
be found, if necessary where the operator can be found, 
where the answer should be sent and also additional data 
such as limit functions, coefficient values, etc. 

Using a binary scale, the basic components require to 
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On right) Ferranti «Pegasus’’ computer. (Below) Sunvic 


nalogue computer for Imperial College heatflow problems. 


drum for Ferranti 
««Pegasus”” computer. 


L (Right) Magnetic memory 


(a) 


urvalent 


HALF ADDER 


Fig. 2. Basic principles of 


digital computer. 
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assume only two stable positions, viz., on or off, and the 
fundamental element usually takes the form of a silicon 
diode which will have two inputs, one the signal and the 
other the gate or bias, whose function is to let the input 
pulse through or not. Thermionic valves are used in the 
system largely for amplification, pulse shaping or as cathode 
follower couplings between the various stages. 

An important point to bear in mind when considering 
the operation of the digital computer is that all operations 
occur in a time sequence and the time at which any circuit 
is operated is of great significance. This can be more 
clearly understood by considering the simple addition 
circuit shown in Fig. 2a. The three individual units here 
are “ Or” (signal passed if either of two inputs energized), 
“And and Delay” (signal passed only if both inputs 
energized, the output then being delayed one unit of time) 
and “ Not Equivalent ” (signal passed if either of two inputs 
energized but not if both). 

Suppose it is required to add two numbers 11 and 2. In 
a binary scale this would be represented by: 


In the first unit of time (the summation moves from right 
to left) A will receive a pulse whilst none is transferred to 
C from B; “ Or ” will transmit to D. As B has not received a 
pulse * Not Equivalent ” will permit the passage of a pulse 
and a first digit of one will be recorded. In the next unit 
of time both A and B receive pulses but C does not receive 
a pulse because of the delay; ‘“‘ Or” passes a pulse through 
and the “ Not Equivalent,” seeing two pulses at the same 
time, blocks both. Second digit is thus zero. In the next 
unit of time neither A nor B is energized. Pulse from C 
(delayed from previous time) however passes through 
“Or” and “ Not Equivalent,” giving the third digit. In 
the final time interval A receives a pulse but not B and the 
A pulse is therefore transmitted through to give the 
fourth digit. The example quoted is deliberately simplified 
as with the circuit shown if the third A digit were not equal 
to zero the carried figure would be lost. The circuit shown 
below the “ half adder” overcomes this. 

The process of multiplication is basically one of 
progressive addition followed by a move of one digit up 
at the end of each sequence of adding operations and is 
essentially the same as the action performed by a human 
operator multiplying by long multiplication. Operations in 
calculus are based upon the use of small integral steps and 
equations are normally solved by an iterative process. 

Essential components in the computer, in addition to 
the diode elements and thermionic boosters, are the delay 
circuits and memory circuits. Two common delay units 
are the mercury tube and the nickel delay line. In the 
former the signal is transduced from a quartz crystal into 
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Pegasus plug-in unit. 


a sound wave in a mercury tube and picked up at the other 
end by a second quartz. The nickel delay line utilizes the 
magneto-striction effect by which the initiating pulse of 
current in a small solenoid produces a magnetic field at the 
end of a nickel wire, the resultant stress pulse travelling 
along the wire and being picked off at the other end. 
Damping at each end is provided to prevent reflection. 

Other systems which can be used, but which are less 
capable of rapid operation, are the rotating magnetic drum 
and the punched tape. With the first two of these 
mentioned it is clear that by inserting an amplifier between 
the pick-off detector and the transmitter a signal can be 
caused to circulate indefinitely and, in fact, a number of 
signals can be circulated at any one time so that the 
systems can be used as storage mechanisms; clearly also 
the magnetic drum is a powerful storage medium and the 
punched tape is the essential storing medium for 
instructions to the machine. Recently a single storage unit 
has been developed consisting of a ferrite toroid which can 
be magnetized in either one of two directions. 

In the analogue computer the applicability of the 
machine is entirely a function of the built-in simulating 
circuits and a design problem is largely concerned with the 
building of appropriate analogue circuits, each being 
possibly of specialized form although built up from 
basically simple components. The digital computer is of 
great versatility as a wide variety of calculations can be 
performed by varying programmes. The great art of using 
a digital computer is in producing the programme which 
instructs the machine on the sequence of operations, devised 
in such a manner that modifications can easily be made 
should the need arise. This is being made steadily easier 
by the compilation of standard programme libraries. 

Interpretation of results can be more straightforward 
with the analogue computer, for example, if the machine is 
required to deliver a simple effect/real-time curve, but a 
number of interpretation machines are now available for 
taking the output punched tape from a digital machine and 
converting this to the required form. An _ important 
advantage of the digital computer can lie in its ability to 
reject useless information and to cut down very 
considerably the volume of data that it delivers. From a 


psychological point of view there is some advantage in the 
analogue computer in that the operator, by changing 
parameters and watching results, can obtain a definite 
“ feel” of the plant that the computer simulates, but if a 
high order of accuracy is required then the digital computer 
has overriding advantages in that the machine can be made 
to produce almost whatever order of accuracy is required. 
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With regard to stability of operation, the digital computer 
is clearly inherently more reliable in that its answers can 
only be right or wrong and cannot be nearly right; that is, 
whilst the analogue computer can drift, the digital computer 
cannot. Furthermore, built into the programme or the 
digital computer can be (and normally is) a series of tests 
which will regularly investigate whether the computer is 
operating correctly and will give warning if a fault 
condition should arise. This is not practicable with an 
analogue computer. One of the great problems with the 
analogue computer is the limited range which it can (with 
reasonable accuracy and stability) cover. A scale range of 
10! is difficult to achieve, whereas a range of 10#° is well 
within the scope of a quite simple digital computer. It is 
readily possible also in a mathematical operation for an 
amplifier unit to be overloaded and give entirely spurious 
results, but subsequent testing of the units would indicate 
no fault. This is scarcely possible with the digital computer 
and the on-off system allows much greater tolerances in 
individual components to be accommodated. 


Pegasus nickel delay-line storage unit. 


At the present stage of development, however, neither 
computer is capable of sufficiently long-term fault-free 
operation for it to be used as a means of continuous control. 

From this the implication should not be taken that the 
use of computers is a tedious and frustrating procedure 
with operations frequently punctuated by stops for trouble 
shooting. It is difficult to give a real figure for probable 
continuous trouble-free operational periods but a round 
figure of 30 hours would not be unreasonable. During this 
time, of course, a very great number of highly complex 
operations can have been undertaken. There are many 
process control operations also where short periods of 
mal-operation are not a great embarrassment, particularly 
when the fault conditions can be rapidly diagnosed and 
replacement units installed. As mentioned above, this is 
easier to organize with the digital computer than with the 
analogue computer, but with both systems the free use of 
plug-in units greatly facilitates maintenance. 

In any case systems can be duplicated and in reactor 
control this is normal. In marine engineering it would 
certainly be a great disadvantage if any fault condition in 
a computing system caused the reactor to trip, as this could 
be at a time when maximum power was of vital importance 
to the safety of the ship. Nevertheless, it should be 
perfectly possible to devise a system whereby fault 
conditions turn the reactor over to manual operation, which 
would be so designed as to make control simple even if on 
a long-term basis it were not economic. 
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Remote Handling Equipment 


by 
A. B. RITCHIE, A.M.LMech.E., 
and R. A. G. WELSHER, A.M.LMech.E., A.M.LProd.E. 


This is the first of a series of articles giving a comprehensive review of the 
mechanical problems associated with the handling of radioactive materials, and 
the equipment and philosophy adopted by A.E.R.E., Harwell, in its efforts to 


standardize throughout the varied field of remote handling. 


Na advent of nuclear reactors and the need to protect 
personnel from the harmful radiations which are 
produced has caused much effort to be diverted into the 
design of remote-control devices. Typical examples are 
the reactor shut-off and control rods and special transfer 
machines for loading and unloading fuel elements. In 
addition to remote-control systems directly associated with 
reactors, there is a considerable amount of equipment now 
in operation for handling and processing irradiated 
material. This new branch of materials handling, not 
directly associated with reactors, is being widened as more 
reactors come into service. An indication of some of these 
processes and handling operations is given in the following 
list: — 

(a) Chemical processing of fuel elements. 

(b) Fabrication of fuel elements. 

(c) Disposal of waste products. 

(d) Preparation of radioactive isotopes. 

(e) Chemical analysis. 

(f) Metallurgical examination. 

(g) Mechanical testing. 

This list gives only a few of the possible processes and 
operations which are now daily performed on radioactive 
material. Practically any operation normally carried out 
in laboratories and workshops, i.e., melting, casting, 
machining, gauging, welding, etc., could be added to the 
list. 

The primary objective of the engineer called upon to 
design apparatus for the remote performance of these 
tasks is to ensure that the operation is performed efficiently, 
economically and, of greatest importance, without 
endangering the health and safety of the personnel. 
Considering the above list, an item such as (a) may well 
be an extensive chemical plant. Others may be repetitive 
processes of such a nature as to warrant the financing of 
special-purpose equipment. Many operations are not 
Tepetitive and cannot justify high expenditure. Further- 
more, time scales may be so short that the extensive 
design time required for special plant cannot be permitted. 
To meet such cases much design and development time 
has been devoted to producing general-purpose equipment 
which can be utilized for many different functions or can 
be readily adapted to meet special circumstances. It is 
the object of this article and subsequent articles in this 
series to examine the problems presented in this special 
category and to describe the equipment and techniques 
developed at A.E.R.E. Harwell since 1949. 


Design Considerations 


In addition to the normal engineering problems, design 
for remote handling has to give due consideration to the 
following: — 

1. Personnel protection from nuclear radiations, viz., 
alpha particles, beta particles, gamma radiation, neutron 
radiation. 


H.R.H. Prince Philip examining remote handling gear during 
a recent visit to Harwell. 


2. Provision and maintenance of high purity inert 
atmospheres to maintain product quality. 

3. Provision of viewing devices. 

4. Materials of construction and protective finishes. 

5. Maintenance and replacement. Decontamination 
and disposal. 


Alpha Particles 


The range of an alpha particle is small, less than 10 cm 
in air, and it is readily stopped by relatively thin layers 
of material such as human skin or plastic films, etc. The 
danger to operators handling materials emitting alpha 
particles is that of small quantities of such material finding 
their way into the body by inhalation, ingestion or via the 
bloodstream through cuts or abrasions in the skin. The 
method of tackling this problem is to carry out the 
operation in a gas-tight container known as a dry box 
or glove box and ensure that radioactive particles do not 
escape. This is usually achieved by operating the box at 
a slightly negative pressure (approx. 1 in. w.g.). Manipula- 
tion of the apparatus or radioactive material is achieved 
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by direct handling, the operator’s hands and arms being 
protected by gauntlet gloves. To maintain the working 
negative pressure the gloves are sealed to the working 
panel of the box. 


Beta Particles 

The range of beta particles is greater than that of alphas 
and, except for betas of very low energy, the operator 
must be protected by a more dense shield. In such circum- 
stances the use of gloves is not permissible and handling 
tongs must be used. 

As with alphas, it is necessary to contain the operations 
capable of producing an airborne dust hazard in sealed 
containers. 


Gamma Rays 

When material emitting gamma radiation has to be 
handled, a shield of dense material is required to protect 
the operator. The thickness of the shield is dependent 
on the quantity of radioactive material, its energy and the 
nature of the absorber, and may be anything from a few 
inches of lead up to several feet of concrete. For all 
but the very smallest quantities of such radiation, dense 
screening is necessary and the engineer is confronted with 
the problem of providing viewing devices. It is in this 
field of providing manipulative and viewing apparatus that 
the engineer must exercise the greatest skill and ingenuity. 
The type of equipment used when dealing with gamma 
emitters is extremely varied, the choice of apparatus 
depending on the material of the shielding wall. The 
most common shielding materials are lead, steel and 
concrete. Since the choice of handling and viewing equip- 
ment depends on the density and thickness of the shield, 
much controversy exists on the relative merits of the 
various systems. Generally, tongs are used for handling 
through lead wall cells whilst master-slave manipulators 
are used in conjunction with concrete and other thick- 
walled cells. Similarly, lead cells require high-density 
glass for viewing windows whilst liquid or laminated glass 
plate windows are used for concrete installations. As with 
other forms of radioactive material, should a dust or 
similar airborne hazard be created, the plant must be 
contained within a sealed box. 


Neutrons 

Little handling of neutron-emitting material has yet been 
performed. The problem will however, be similar to that 
of gamma handling except that the shield materials would 
vary and there would be the additional embarrassment of 
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(On left) Handling beta-emitting isotopes. (Below) Liquid 
handling at Windscale. 


the materials of construction becoming intrinsically radio- 
active as well as contaminated. 

In a nuclear power programme much experimental work 
is performed on potential fuels. Such materials after 
irradiation are not only beta-gamma active but also emit 
alpha radiation. Processing such materials must be carried 
out not only behind a dense shielding wall but also must 
be totally enclosed to prevent the escape of particles of 
radioactive material. 

The potential hazards can be further aggravated when 
the material is pyrophoric and the presence of oxygen 
cannot be tolerated. In such cases, an atmosphere of 
high purity must be maintained and to prevent the ingress 
of air, a very high degree of sealing must be achieved. 
This box condition is probably more exacting than that 
of preventing leakage of a radioactive dust or gases. 


Viewing Problems 

Some mention of viewing systems has already been made 
in the section dealing with gamma emitters. Ideally, the 
viewing window should match the shielding wall in thick- 
ness and protection and this can usually be achieved for 


Maniement a Distance 

Cet article est le premier d’une série donnant une vue générale 
complete de tous les dispositifs de maniement a distance. Dans 
cet article les considérations fondamentales, tels que les types 
de radiation nucléaire contre lesquels la protection doit étre 
assurée, le besoin possible d’une atmosphere inerte, la prévision 
de dispositifs d’inspection visuelle et les matériaux de construc- 
tion et finis protecteurs sont passés en revue. 


Fern-Bedienung 

Dies ist der erste einer Reihe von Aufsatzen, die eine umfassende 
Uebersicht iiber alle Typen von Fern-Bedienungs Vorrichtungen 
geben sollen. In dem vorliegenden Aufsatz werden die grund- 
legenden Erwdgungen behandelt, ndmlich die Arten der Atom- 
Strahlung, gegen die ein Schutz vorgesehen werden muss, 
die Méglichkeit des Erfordernisses einer inerten Atmosphdre, 
die Anordnung von Beobachtungs-Vorrichtungen und die Materia- 
lien fiir die Konstruktion und die Schutzschichten. 


Control Remoto (Manejo a Distancia) 

Este el primero de una serie de articulos que hacen un examen 
comorensivo de todos los tipos de equipo para control remoto. 
En este articulo se revisan las consideraciones fundamentales, 
tales como los tipos de radiacién nuclear contra los que se 
suministra proteccion, la posible necesidad de una atmodsfera 
inerte, la provisién de dispositivos de -inspeccién visual y los 
materiales de construccién y acabados protectores. 
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(On right) Handling plutonium in dry boxes. 
(Below) Dispensing gamma-emitting isctopes. 


concrete walls but, even with very dense lead glass blocks, 
windows for lead walls exceed 14 x wall thickness. A 
particular problem is the instability of glass when subjected 
to radiation. Glasses commonly used in optical instru- 
ments, electric light bulbs and fittings discolour rapidly 
in high fluxes of gamma radiation. A considerab!e amount 
of experimental work has been carried out on this problem 
and several glasses are now available which are resistant 
to darkening by gamma radiation. In conjunction with 
viewing devices consideration must be given to illumination 
of the apparatus to permit satisfactory vision. Again, 
dense lead-glass can affect colour discrimination. 


Deterioration of Equipment 

Many common engineering problems are aggravated by 
glove box conditions. For example, materials for chemical 
plant must be chosen with care otherwise corrosion damage 
far in excess of that experienced in normal conditions will 
result. For boxes operating with a dry atmosphere of 
inert gas, material for bearings and shafts and methods of 
lubrication must be selected carefully to prevent excessive 
wear or seizure. Again, excessive brush wear is also 
experienced on normal commutator motors. Highly 
polished surfaces should also be avoided otherwise 
annoying light reflections may result. 

In addition to these examples, damage due to gamma 
radiation can occur if high activity sources of the order 
of 100,000 MeV-curies are being handled. Until recently 
this problem has not received much attention, but investiga- 
tions show that many conventional materials such as 
paints, rubbers, plastics, lubricating oils, electrical 
insulation may prove unsuitable and alternatives must be 
found. 2 

Maintenance, replacement, decontamination and disposal 
are interdependent and all must receive careful considera- 
tion when designing equipment for hot laboratories. It 
should be remembered that even the simplest maintenance 
work may necessitate a considerable amount of lengthy 
and expensive decontamination with subsequent loss of 
operational time. This is particularly so with the operation 
of beta-gamma cells, where maintenance must either be 
performed remotely or remote decontamination must be 
carried out before approach by maintenance men is 
permitted. To meet such conditions equipment must be 
designed with readily accessible bolts and nuts or easily 
removable clamps. To facilitate decontamination 
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unnecessary crevices, recesses, ledges, etc., should ‘be 
avoided and where possible equipment should be covered 
with flexible plastics covers. 


General Observations 


The designer of remote-handling equipment must 
appreach his problem with a clear understanding of what 
is required and design equipment to suit the particular 
conditions, rather than just reproduce a_ conventional 
method. For example, in non-remote manipulation the 
most common method of transferring small quantities of 
liquid from one vessel to another is that of pouring. In 
remote manipulation, whilst such an action can be repro- 
duced, a more reliable method of transference is that of 
suction or pressure lines. Similarly, pneumatic or hydraulic 
vices are often used in preference to the more conventional 
screw vice, although the latter could be operated by tongs 
or manipulators. These rather obvious examples serve to 
illustrate a principle which cannot be overstressed but is 
often ignored. 

The layout of handling systems can be simplified and 
the time required for designing reduced by the use of full 
scale mock-ups. Frameworks can be erected in proprietary 
light-alloy angle and block medels of equipment, i.e., 
furnaces, machine tools, ete.. can be manufactured in 
cardboard or timber. Dummy tong stations, control shafts 
and viewing apertures can be mounted on the framework 
and all units may be moved around at will in order that 
the most convenient operating pcsition may be ascertained. 

In conclusion, it should be noted that the intention of 
subsequent articles is to illustrate a complete range of 
handling equipment and associated techniques. This range 
will cover simple handling and viewing apparatus for 
dealing with low activity of millicurie level, to systems for 
handling highly active fuel elements in the order of several 
hundred thousand curies of beta-gamma activity. 
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Instruments, Electronics 
and Automation 


May 


Classi 
A classified preview of nuclear highlights at the forthcoming 1.E.A. Exhibition into ¢ 
(Olympia, London, May 7 to 17). Stand numbers are shown after each company’s guide 
name. Photographs of some exhibits appear below; others have been included in 
the buyers’ guide. 
Nucl 
Chemical Analysis Fire Detection 
i k (London), Ltd. (515 Minerva Detector Co., Ltd. (930)--the ; re 
electrical characteristics of an ionization Stantel Zebra electronic computer (Stani{ 
Mk. 2 (see page 222 this issue). Cascella chamber are modified by the products of Telephones and Cables, Ltd.). reasoi 
(Electronics) Ltd. (412)—automatic particle combustion. ing t 
counter and sizer. Hilger and Watts Ltd. Flow Meters (910)—hand and or 
(402)—chemical analysis. Nash and Century Electronics Ltd. ( er deca 
Thompson Ltd. (105)—water hardness Fischer an kinds of Geiger counter, BFZ counters for in an 
monitor for quality control of boiler feed Variable area flow meter for gas or liquids. jg (thermal) neutrons, improved fas of sa 
: George Kent Ltd. (403). Rotameter Manu- neutron counters, fission counter. norm 
facturing Co., Ltd. (935). to an 
omputers uc ri 
Bros. (London) Lid. (411) ‘Generel Purpose 4 Associated Automation Ltd. (510). Auto 
integrated nuclear control system including Airmec Ltd. (408). Evershed and Vignoles — jyatic Coil Winder and Electrical Equipment opera 
a reactor control desk with an analogue Ltd. (405). Muirhead and Co., Ltd. (901. Ltd. (942A)-AVO d.c. amplifier with 
computer to simulate reactor operation, Nagard Ltd. (216)—square-pulse generator. full scale reading down to A. 
Metropolitan-Vickers Electrical Co., Ltd. Racal Engineering —_Ltd. Ericsson Telephones Ltd. (613)—cold- achie 
(401)—type 950 electronic computer. Short ree measuring equipment and an Sf cathode tubes for research purposes, reactor Outp 
Bros. and Harland Ltd. (106)—analogue clay generator. W. H. Sanders (Elec- control and measurement units. Labgear displ 
computer. Southern Instruments Ltd. (100) tronics) Ltd. (710). Servomex Controls Ltd. (Cambridge) Ltd. (501)—research equipment poter 
—Deciplex digital calculator. Standard (900). Solartron Electronic Group Ltd. (503) including radiation control and alarm gy 
Telephones and Cables Ltd. (307}—new oscilloscopes. Southern Instruments system, Nagard Ltd. (216)—d.c. amplifiers. 
Stantel Zebra electronic digital computer Ltd. (100)—new universal oscillograph. Fi chan; 
together with an endless loop magnetic |sgtope Applications Ultrasonic Flaw Detection) — owe 
otope Applica Il (715). A. C. Cossor (407) : 
tape data storage machine. Associated Baldwin Instrument Co., Ltd. (933)— A. E. Cawkell ( SSO 
Automation (510)—computer input and out- hick file Glass Developments Ltd. (Ultrasonoscope) lock 
put equipment. tomat thickness gauges, transverse profiler, (940). Kelvin and Hughes (310)—new peel 
level indicator, dosemeters. Chance-Pilking- completely automatic Autosonics equipment. 
ton Optical Works (610)— optical glass resist- Ltd. (305 and 801)—ultrasonic | 
Dowty Nucleonics (108)—high-speed —ant_to the browning effect of high-energy cleaning equipment. 
counting equipment. Elcontrol Ltd. (918)— radiation and other special nuclear glasses. — 
high-speed dekatron and batch counters. Department of Scientific and Industrial Relays as 
Fleming Radio (Developments) Ltd. (103A) — Research (502)—exposure calculator for Magnetic Devices Ltd. (706)—transistor- pg 
—S-decade logarithmic ratemeter. General gamma _ radiography (B.S.C.R.A.).Ekco ized relay capable of switching 5A at 250 V. Tt 
Radiological Ltd. (703)—high-stability EHT Electronics Ltd. (505)—gamma gauge for . 
unit for use with proportional counters. determining fluid density within a pipeline: Remote Handling me 
Millett Levens (Instruments and Engineering) mobile equipment for measuring radio- E.M.I. Electronics Ltd. (404) and Pye Lid. gear 
Ltd. (921)—electronic counting devices for activity of engine lubricating oil for research (501)—industrial TV equipment. Savage 
units of up to 30,000 per second. Philips into engine wear. General Radiological and Parsons Ltd. (302)—master slave man- 
Electrical Ltd. (910)—fast scaler for rates Ltd. (703)—survey meters and _ pocket ipulators, handling tools and devices, and 
of up to 2x 10° p.p.s. gamma monitors. Philips Electrical Ltd. lead shielding bricks and pots. 
(Left) Remote reading thermometer 
(Savage and Parsons, Ltd.). (Below, 
left) Printing register (Associated 
Automation, Ltd.). (Below) Electro- 
magnetic computer (Nash and 
Thompson, Ltd.). (Below, right) 
Ledex rotary solenoid (N.S.F. Ltd.). 
(Right) Transistorized 5A _ relay 
(Magnetic Devices, Ltd.). 
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Classified details of the products of more than 200 British companies. 
into eight main groups for ease of reference. 


guide begins on page 207. 


Nuclear Reactor Instruments 

OR determining the power of both 

research and power reactors (in spite of 
neutron priming sources which maintain a 
reasonable power level on shut-down) count- 
ing techniques are necessary for accurate 
determination over the first, say, three 
decades, corresponding to slow neutron fluxes 
in an appropriate positioned thermal column 
of say 20 to 20,000 counts/sec. BF, is the 
normal filling. Amplifiers are then required 
to amplify the pulse size to a level adequate 
for rate metering or scaling techniques. 

At higher values of power ion chambers 
operate in a current range from 10-'* amps 
upwards. By switching feed-back resistors 
an overall range of many decades can be 
achieved with linear or logarithmic amplifiers. 
Output from both counters and chambers is 
displayed on meters’ or self-balancing 
potentiometer recorders to give either abso- 
lute flux level or deviation from a set value. 
It is also necessary to know the rate of 
change of flux: provision is usually made for 
power rate changes to be displayed over the 
whole range of power encountered. Inter- 
lock circuits ensure safety of the reactor— 
particularly that power is run up and down 
at rates consistent both with mechanical and 
nuclear safety. The order of conducting 
various operations is of the greatest 


importance and extensive provision must be 
made to ensure that purely electronic faults 
do not cause unnecessary shut-down. 

The most complex single instrumentation 
in a power reactor is the burst-slug detection 
gear which, in the Calder type, consists of 
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Entries are divided 


The key table appears on page 206. The 


sampling tubes feeding selector valves; the 
gas passes through filters and cooler to the 
precipitation chambers and counters trom 
which a record is taken of the fission-product 
reactivity throughout the reactor. 


Laboratory Instruments 
HE essential tools of the nuclear physicist 
are radiation detectors accompanied by 
electronic equipment for reading radiation 
levels and the quality of radiation. With 
most detectors it is advisable to have a 
pre-amplifier located near the detecting 
element: this can range from a low-noise 
amplifier with a high band width and a gain 
of 100 as used with ionization chambers to 
simple quench units as used with Geiger 
counters. For scintillation counter and pro- 
portional counter work amplifiers with gains 
up to 120 dB and band widths up to 
5 megacycles are in current use; d.c. ampli- 
fiers for chamber operation with minimum 
noise levels of a few 10-'* amps are also 
available. Pulse counting is performed either 
on scalers or ratemeters and, whilst ratemeters 
are a useful rapid tool, scalers are the 
basic recording equipment. Developments in 
dekatron tubes have changed the face of 
scalers over the past years and research today 
concentrates on reducing the resolving time 
to a minimum (hard valve techniques or 
trochotrons are necessary in the first stages). 
For all detectors a highly stable source of 
voltage is advisable and conventional units 
normally have ranges from, say, 250 volts to 
4 kV. The use of single-channel and multi- 
channel pulse analysers is increasing rapidly 


Laboratory. 
(Above, left) Fast 
scaler, type 1070B 
(Philips Electrical, 
Ltd.). 
(Above) Ratemeter 
unit, type 1403A 
(Fleming Radio 
(Developments) 
Ltd.). 


Nuclear Reactor. 
(Left) Control panel 
for LIDO reactor, 
including power 
units, temperature 
indicators, log and 
linear power recor- 
ders, period meter 
and fission chamber 
control unit 
(Ericsson Tele- 
phones Ltd.). 
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and laboratories of the future are likely to 
be demanding these in steadily increasing 
numbers. In the Guide it was thought 
advisable to list also combinations of units, 
such as scintillation counters which comprise 
normally the phosphors. photo-multiplie: 
tube and pre-amplifier, units which have 
built in, say, E.H.T. units, scalers, ratemeters 
and amplifiers and also automatic counting 
equipment which is able to automatically 
count a series of samples either for specific 
times or for specific total counts, the results 
being automatically typed in terms of total 
count or total time. 


Detectors 

HESE have been briefly mentioned in 

relation to both reactor instruments and 
laboratory instruments. Thermal neutron 
counters normally filled with BF, are used 
both in reactor flux measurements, nuclear 
physics experiments and health monitoring. 
Similarly fast neutron counters employing 
usually a proton recoil technique are applic- 
able to the same fields. Fission chambers 
are increasing in use as thermal neutron 
counters and are capable of high sensitivity. 
Geiger counters, proportional counters and 
flow counters (these last named being 
normally demountable and capable of 
measuring short range radiation with high 
efficiency) are the standard tools of nuclear 
work. Whilst sodium iodide is still the pre- 
eminent gamma_ radiation detector and 
anthracene the classical organic detector, 
plastics scintillators and liquid scintillators 
are continually being improved. Photo- 
graphic detectors fall into three main 
categories, viz. X-ray plates for autographic 
and radiographic work, similar type films for 
routine health monitoring and special plates 
for particle counting and inter-nuclear 
reaction studies. 


Conventional Power 


HIS section needs little comment because, 

in addition to requiring instrumentation 
essentially nuclear in character, the nuclear 
power station must have adequate instrumen- 
tation for the gas circuits and steam circuits 
in a manner largely established already in 
normal generating stations. 


Monitors 


HE portable health monitors have been 

sub-divided into two categories. The 
first are the simplest type and capable of 
measuring gamma radiation only. They can 
use either Geiger counters or ionization 
chambers as detectors but the demand is 
increasing for air-wall characteristics to give 
a real interpretation of the biological dose. 
Multi-purpose units are usually ion chamber 
monitors but some incorporate scintillation 
counters. A range of equipment is now 
available for permanent installation in the 
laboratory; these are, in general, mains 
operated. Fixed personnel monitors are 
typified by the hand and foot monitor now 
available for the routine checking of workers 
on leaving an active area. Pocket monitors are 
normally of the direct viewing electroscope 


(Continued on page 206) 
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(Continued from page 205) 


type and are particularly useful for workers 
operating for limited periods in relatively 
high doses. Films have been mentioned 
previously as being routine integrated 
dosage measurers. A number of monitors 
which do not ‘fall simply into the above 
groups have been put together under the 
heading ** General Purpose.” 

Survey monitors are used for geological 
prospecting and range in complexity from 
simple Geiger units with audible signalling to 
pressurized scintillation counters for aircraft 
work. 


Isotope Applications 


HE headings in this section are self- 

evident. Beta gauges are used in industry 
for the measurement of thicknesses up to 
100 mg/cm*, gamma gauges (or Bremstrah- 
lung gauges) are coming into use for 
measurement of metals of 0.020 in. steel and 
upwards. A range of level indicators is now 
available commercially which are applicable 
to glass furnaces, coal hoppers, liquid tanks, 
etc.; accuracies of a few thou. in height are 
possible on some installations. On-ol 
systems are used for monitoring packages 
and tins on filling lines. Profile indicators 
in part overlap previous sections and the 
number of applications for process control 
in this field are increasing. Static elimina- 
tors have found uses not only in paper 
processing but also in micro-balance work. 
Sources used range from a few millicuries 
betas or few microcuries alphas upwards. 
Bore logging equipment is now reaching the 
stage of development where production 
equipment is available. This apparatus, 
normally using a neutron source, can give 
information on the strata through which a 
bore hole passes. Certain special applica- 
tions of alpha particles have been developed, 
the most widespread use of which is in fire 
detection. Developments in radiography 
have been largely concerned with the stream- 
lining of lead containers and in perfecting 


(Continued on page 208) 
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Conventional 
Power. (Right) 
A typical conven- 
tional control 
panel including 
flow meters, tem- 
perature recorders 
and power meters 
(George Kent, 
Ltd.). 
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Isotope Applications. (Left) Alpha- 

particle fire detector (Minerva Fire 

Detector Co. Ltd.). (Below) Auto- 

Standardization beta gauge, type N. 582 
(Ekco Electronics Ltd.). 


Monitors. (Below, left) Radiation 

monitor, type 1320 with alpt.a probe 

and beta/gamma probe (Ericsson Tele- 
phones Ltd.). 


Buyers’ Guide—Key Table 
The column headings shown here are repeated at the beginning of each table in the following pages. 
indicated by the numbers given in this key table. 


Individual instruments are 


Nuclear 
Reactor tmnrstrane Detectors Conventional Monitors Isotope Test Miscellaneous 
Instruments nstruments Power Applications Equipment Installations 
Pulse Pre- Thermal Beta P 
counters: | amplifiers neutron Temperature 1 | Portable | gauges Computers 
lon Fast Portable Ga 
chambers 2 | Amplifiers 2 neutron Flow 2 4,6, cl Oscillators Accelerators 
Linear Fission Pressur. 
, 3 | Scalers 3 essure Level Pulse Spectro- 
amplifiers chambers and Vacuum | 3 | Laboratory indicators generators yoo 
Logarithmic Rate- Geiger , Fixed Profile . 
amplifiers meters counters Purity personnel Oscilloscopes Recorders 
Power E.H.T. Proportional Level Static Multi 
4 ulti-ran 
meters 5 units 5 counters gauges 5 | Pocket eliminators a Analysers 
Power Pulse Flow Servo Loggin 
ratemeters 6 analysers 6 counters systems 6 | Films ~ ty Timers 
Interlock Scintillation P. G 
| 7 7 i Phosphors ower eneral Radiography Crack- 
units counter P meters 7 Purpose equipment detection 
Burst slug Multi- 
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Instrument Buyers’ Guide 
TABLE 1 


Reactor Inst. 
Laboratory 
Instruments 


Nuclear 
Miscellaneous 


Detectors 
Conventional 
Power 
Monitors 
Isotope 
Applications 
Equipment 
Installations 


Test 


“Accurate Recording Instrument Co., Garth Road, Lower Morden, Surrey .. 
Acoustica! Manufacturing Co., Ltd., St. Peters Road, Huntingdon, Hants. 
Addison Electric Co., Ltd., 10-12 Bosworth Road, London, W.10 

Advance Components, Ltd., Roebuck Road, Hainault, Ilford, Essex 

Airmec, Ltd., High Wycombe, Bucks. 

Allied Electronics, Ltd., 28 Upper Richmond Road, Putney, London, $.W.15. . 
All Power Transformers, Ltd., Chertsey Road, Byfleet, Surrey 

Antex, Ltd., 3 Tower Hiil, London, E.C.3 

Appleby and Ireland, Ltd., Kempshott Park, Kempshott, Basingstoke, Hants. 
Associated Automation, Ltd., 70 Dudden Hill Lane, London, N.W.10 
Atkins, Robertson, Whiteford, Ltd., 92 Torrisdale Street, Glasgow C.2 


Automatic Coil Winder and Electrical Equipment Co., Ltd., 92/96 Vauxhall Bridge 
Road, London, S.W.1. 


Automa Engineering Group, Ltd., Cherry Tree Rise, Buckhurst Hill, Essex 
Bailey and Mackey, Ltd., 7 Baltimore Road, Birmingham 22b 

Bailey Meters and Controls, Ltd., Purley Way, Croydon 

Baldwin Instrument Co., Ltd., Brooklands Works, Dartford, Kent 

F. Bamford and Co., Ltd., Ajax Works, John Street, Stockport 

Bayham, Ltd., 12 Lower Grosvenor Place, London, $.W.1 


L. M. Bennett and Co., Queens Chambers, 61 Bold e Road, Sutton Coldfield, Warcs. 


B. and K. Laboratories, Ltd., 59-61 Union Street, London, S.E.1 


Bonochord, Ltd., 48 Welbeck Street, London, W.1. 

Boulton Paul Aircraft, Ltd., Wolverhampton 

British Arca Regulators, Ltd., 34 Millbank, London, S.W.1. 

British Federal Welder and Machine Co., Ltd., Castle Mill Works, Dudley, Worcs. 
British Northern Electrical Appliances, Weston Road, likley 

British Physical Laboratories, Radlett, Herts. 

British Rototherm Co., Ltd., Merton Abbey, London, $.W.19 

British Steam Specialities, Ltd., Fleet Street, Leicester 

British Tabulating Machine Co., Ltd., 17 Park Lane, London, W.1 
British Thomson-Houston Co., Ltd., Rugby 

S. G. Brown, Ltd., Shakespeare Street, Watford, Herts. 

Burndept, Ltd., Erith, Kent 

Burroughs Adding Machine, Ltd., 356 Oxford Street, London, W.1 .. 
C.N.S. Instruments, Ltd., 61 Holmes Road, London, N.W.5 
Cambridge Instrument Co., Ltd., 13 Grosvenor Place, London, $.W.1 
Camerer Cuss and Co., 54/56 New Oxford Street, London, W.C.1 

B. and F. Carter and Co., Ltd., Albion Works, Bolton .. 

Cass and Phillip, Ltd., Adeyfield, Hemel Hempstead, Herts. 

A. E. Cawkell, 7 Victory Arcade, Southall, Middlesex 

Chamberlain and Hookham, Ltd., New Bartholomew Street, Birmingham 5 
Cinema-Television, Ltd., Worsley Bridge Road, London, S.E.26 


Coley Thermometers, Ltd., 2-4 London Road, Brentford, Middx. 


ion Instr ts, 61 Belsize Lane, London, N.W.3 

A. C. Cossor, Ltd., Cossor House, Highbury Grove, London, N.5 

Counting Instruments, Ltd., 5 Elstree Way, Boreham Wood, Herts. .. 
Crosby Valve and Engineering Co., Ltd., Ealing Road, Wembley, Middx. 
Croydon Precision Instrument Co., 116 Windmill Road, Croydon, Surrey .. 
Curnon Engineering Co., Claude Road Works, Chorlton, Manchester 21 

J. H. Dallmeyer, Ltd., Church End Works, Willesden, London, N.W.10 

F. Darton and Co., Ltd., Watford Fields, Watford, Herts. F 

Davy and United Engineering Co., Ltd., Park Iron Works, Sheffield 4 
Decca Radar, Ltd., 1-3 Brixton Road, London, $.W.9 
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Isotope Applications : Static neutral- 
izer, type NT25 (A. E. Cawkell). 


(Continued from page 206) 


systems for remote location of the source 
relative to the object being radiographed. 


Test Equipment 

HILST the whole range of mechanicai 

and electron test equipment is used in 
some way in the nuclear field it was thought 
useful to specify those found in most radia- 
tion laboratories. Of these separate power 
packs are commonly employed for testing 
** bread-board ” models and prototype equip- 
ment; for amplifier work oscillators are used 
for band-width measurement. Pulse genera- 
tors are a necessity for laboratories concerned 
with counting techniques, the double-pulse 
version with variable rise and decay times 
and variable-pulse lengths and pulse separa- 
tions being the most valuable. Present-day 
requirements call for rise times in the 
m « sec range with pulse widths varying 
from a tenth of 1 mu sec up to several 
100 wu sec. 

Oscilloscopes, particularly those with high 
sensitivity and fast calibrated sweeps, are a 
sine qua non of electronics laboratory work. 
Similarly, multi-range meters for checking 
currents and potentials and timers are widely 
used. The further three categories, crack- 
detection, strain gauges and load cells, were 
taken as representing the new electro- 
mechanical techniques that are available now 
for structure investigations. 


Miscellaneous Installations 

OTH digital and analogue computers are 

of importance in the nuclear field, the 
former largely for reactor simulation and for 
the solution of differential equations whilst 
the analogue computer is of considerable 
value in the accurate solution of complex 
equations as are met with in stress analysis 
and neutron diffusion calculations. Accele- 
rators both Van der Graaf and linear, are 
now conventional research tools with output 
energies ranging from 2 to 8 MeV; they are 
used both in the laboratory for nuclear- 
physics measurements and also for sterili- 
zation and organic materials treatment. 
Spectrometers for the analysis of isotopes 
or compounds are also in_ increasing 
demand. 

The presentation of information is one of 
the most necessary aspects of both research 
and operation and a wide range of recording 
equipment is now available for the permanent 
logging of information. 

A number of analysers are now available 
for the automatic or semi-automatic assess- 
ment of purity. In some instances this 
category overlaps with that of spectrometers 
but a wide range of essentially chemical 
analysers is now in current use. 


Miscellaneous Installations: 

(Above) High-speed recorder 
(Sunvic Controls, Ltd.). 

(Right) Titromatic analyser (Electronic 
Instruments, Ltd.). 

(Below) Elliott/G.E.C. analogue com- 
puter for nuclear power studies. 


Test Equipment : 

(Above, left) Portable 
ultrasonic inspection 
unit (Kelvin and Hughes 
Ltd.). 

(Above) Oscilloscope, 
type LF3 (W. H. Sanders 
(Electronics) Ltd.). 

(Left) A.F. Oscillator, 
$121. (Wayne Kerr 
Laboratories, Ltd.). 

(Right) Multi-range test 
meter (General Electric 
Co. Ltd.). 
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TABLE 2 


Nuclear 
Reactor Inst. 
Laboratory 
Instruments 


Detectors 


Conventional 
Power 


Monitors 
lsotope 


Applications 


Delta Technical Services, Ltd., Fairfield Road, Kingston-on-Thames, Surrey. . 
Derby Luminescents, Ltd., 107 Broad Street, London, E.C.2 

Devon Instruments, Ltd., Countess Wear, Exeter 

Dewrance and Co., Ltd., Great Dover Street, London, S.E.1 

Dobbie McInnes, Ltd., Broomloan Road, Glasgow, $.W.1 

Dowty Group, Ltd., Cheltenham 

Drayton Regulator and Instrument Co., Ltd., West Drayton, Middx. 
Dynatron Radio, Ltd., The Firs, Castle Hill, Maidenhead, Berks. 

Edison Swan Electric Co., Ltd., 155 Charing Cross Road, London, W.C.2 
Edwards High Vacuum, Ltd., Manor Royal, Crawley, Sussex 

Ekco Electronics, Ltd., Ekco Works, Southend-on-Sea, Essex 

Elcontrol, Ltd., 10 Wyndham Place, London, W.1 

Electric and Musical industries, Ltd., Blyth Road, Hayes, Middx. 


Electrical Remote Control Co., Ltd., South Road, Templefields, Harlow New Town, 
Essex. 


Electro Methods, Ltd., Caxton Way, Stevenage, Herts. .. 

Electroflo Meters Co., Ltd., Abbey Road, Park Royal, London, N.W.10 
Electronic Machine Co., Ltd., Mayday Road, Thornton Heath, Surrey 

Elga Products, Ltd., Railway Place, London, S.W.19 

Elliott Brothers (London), Ltd., Century Works, Lewisham, London, S.E.13 
English Electric Co., Ltd., Marconi House, Strand, London, W.C.2 ne 
The Equipment and Engineering Co., Ltd., 2 and 3 Norfolk St., Strand, London, W.C.2 
Ericsson Telephones, Ltd., Beeston, Nottingham. . 

Evans Electronic Developments, Ltd., Shady Lane, Great Barr, Birmingham 22a 
Everett, Edgecumbe and Co., Ltd., Hendon, London, N.W.9 .. 

Evershed and Vignoles, Ltd., Chiswick, London, W.4 

Fel-Electric, Ltd., Sheffield 

Ferranti, Ltd., Moston, Manchester 10 

Fielden Electronics, Ltd., Manchester 

Fischer and Porter, Ltd., 205 and 205a Station Road, Harrow, Middx. 

Fleming Radio (Developments), Ltd., Caxton Way, Stevenage, Herts. 

Foster Instrument Co., Ltd., Letchworth, Herts. 

Foxboro-Yoxall, Ltd., Lombard Road, Merton, London, S.W.19 

Furzehill Laboratories, Ltd., Boreham Wood, Herts. 

Gamma-Rays, Ltd., Foundry Lane, Smethwick, 40, Staffs. 

General Electric Co., Ltd., Fraser and Chalmers Engineering Works, Erith, Kent 
General Radiological, Ltd., 15-18 Clipstone Street, London, W.1. 

James Gordon and Co., Ltd., Dalston Gardens, Stanmore, Middx. 

Graviner Manufacturing Co., Ltd., Poyle Mill Works, Colnbrook, Bucks. 

Sir Howard Grubb Parsons and Co., Walkergate, Newcastle-upon-Tyne 6 
Hardings (Leeds), Ltd., G.P.O. Box 68, Leeds, 11 ae oc ‘ 
Hartley Baird, Ltd., 37-39 Thurloe Street, South Kensington, London, $.W.7 
Hatfield Instruments, Ltd., Crawley Road, Horsham, Sussex 

Harvey Electronics, Ltd., 273 Farnborough Road, Farnborough, Hants. 

Haynes Radio, Ltd., Queensway, Enfield, Middx. .. 

Hendrey Relays, Ltd., 392 Bath Road, Slough, Bucks. 

Hifi, Ltd., Derry Works, Brierly Hill, Staffs. 

Hilger and Watts, Ltd., 98 St. Pancras Way, London, N.W.1 

H. M. Hobson, Ltd., Hobson Works, Fordhouses, Wolverhampton, Staffs. 
Honeywell-Brown, Ltd., 1 Wadsworth Road, Perivale, Greenford, Middx. 
Hopkinsons, Ltd., P.O. Box B.27, Huddersfield 

Horstmann Gear Co., Ltd., Newbridge Works, Bath 

Hunt and Mitton, Ltd., Oozells St. North, Birmingham 1 
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Reactor Inst. 
Laboratory 
Instruments 
Detectors 


Conventional 
Power 


Monitors 
Isotope 
Applications 
Equipment 


Test 


Miscellaneous 
Installations 


Infra Red Development Co., Ltd., 40 Tewin Road, Welwyn Garden City, Herts. 


Instruments and Controls (J. L. Record), Ltd., Sandiway Place, Manchester, 
Altringham, Lancs. 


Integra, Leeds and Northrup, Ltd., Edgbaston House, 183 Broad Street, Birmingham 15 
Integral, Ltd., Birmingham Road, Wolverhampton 
International Engineering Concessionaires, Ltd., 39 Parliament St., London, S.W.1 


Isopad, Ltd., Barnet By-pass, Boreham Wood, Herts. 


Isotope Develop , Lted., 120 Moorgate, London, E.C.2 


K.D.G. Instruments, Ltd., Purley Way, Mitcham Road, Croydon, Surrey 
Kelvin Hughes, Ltd., Knotts Green, Leyton, London, E.10 

George Kent, Ltd., Luton, Bedfordshire 

Labgear (Cambridge), Ltd., Cromwell Road, Cambridge 

Lancashire Dynamo Electronic Products, Ltd., B.E.P. Works, Rugeley, Staffs. 
Land Pyrometers, Ltd., Colonial Works, Queen's Road, Sheffield 2 


Laurence, Scott and Electromotors, Ltd., 431 Grand Buildings, Trafalgar Square, 
London, W.C.2. 


Lion Electronic Developments, Ltd., Hanworth Training Estate, Feltham, Middx. 
Livingston Laboratories, Ltd., Retcar Street, London, N.19 

Londex, Ltd., Anerley Works, 207 Anerley Road, London, S.E.20 

Claude Lyons, Ltd., Valley Works, Ware Road, Hoddesdon, Herts. 

McMichael Radio, Ltd., Slough, Bucks. 

Magnetic Controls, Ltd., Instanta Works, Upper Stone St., Maidstone .. 

Malone Instrument Co., Ltd., Norham Road, West Chirton, North Shields 
Marconi Instruments, Ltd., Longacres, St. Albans, Herts. : 

Measuring Instruments (Pullin), Ltd., Winchester Street, Acton, London, W.3 
Thomas Mercer, Ltd., Eywood Road, St. Albans, Herts. 

Mervyn Instruments, Copse Road, St. John's, Woking, Surrey 

Microcell, Ltd., Imperial Buildings, 56 Kingsway, London, W.C.2 

Microwave Instruments, Ltd., West Chirton Industrial Estate, North Shields 
Minerva Detector Co., Ltd., Lower Mortlake Road, Richmond, Surrey 


Patent Safety Devices, Ltd., “‘ Monitor Works, Kings Road, Wallsend- 
on-Tyne 


Muirhead and Co., Ltd., Elmers End, Beckenham, Kent .. 
Mullard, Ltd., Torrington Place, London, W.C.1 

N.S.F., Ltd., 31/32 Alfred Place, London, W.C.1 

Nagard, Ltd., 18 Avenue Road, Belmont, Surrey .. 


Nash and Thompson, Ltd., Oakcroft Road, Tolworth, Surrey .. 


Nati | Cash Regi Co., Ltd., 206-216 Marylebone Road, London, N.W.1 
Newton Victor, Ltd., 132 Long Acre, London, W.C.2 ea oe 
Nuclear Enterprises (G.B.), Ltd., Bankhead Medway, Sighthill, Edinburgh 11 
Nuclear Research Application, Emefco House, Bell Street, Reigate, Surrey 
Palatine Engineering Co., Ltd., Hawthorne Road, Bootle, Liverpool 20 

G. A. Stanley Palmer, Ltd., Maxwell House, Arundel Street, London, W.C.2 
Panax Equipment, Ltd., 173 London Road, Mitcham, Surrey 


see XY and Cowan Instruments, 7/13 Fitzalan Street, Kennington Road, London, 
Philips Electrical, Ltd., Century House, Shaftesbury Avenue, London, S.W.1 


Plessey Co., Ltd., Ilford, Essex 

Process Control Gear, Ltd., Lattimore Road, St. Albans, Herts. 

R. B. Pullin and Co., Ltd., Great West Road, Brentford, Middx. 
Pyrotenax, Ltd., Hedgeley Road, Hebburn, Co. Durham 

Pulsometer Engineering Co., Ltd., Nine Elms Iron Works, Reading 
Q.V.F., Led., Duke Street, Fenton, Stoke-on-Trent, Staffs. 


Racal Engineering, Ltd., Western Road, Bracknell, Berks. 
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Miscellaneous 
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Radiovisor Parent, Ltd., Stanhope Works, High Path, London, $.W.19 
Record Printing Co. (Charts), Ltd., 48 Rawstorne Street, London, E.C.1 
Rotameter Manufacturing Co., Ltd., 330 Purley Way, Croydon, Surrey 
Salford Electrical Instruments, Ltd., Peel Works, Silk Street, Salford, 3, Lancs. .. 
Sangamo Weston, Ltd., 22-26 New Oxford Street, London, W.C.1 
Saunders-Roe, Ltd., Osborne, East Cowes, Isle of Wight 

Savage and Parsons, Ltd., Watford By-pass, Watford, Herts. 

W. Bryan Savage, Ltd., 17 Stratton Street, London, W.1 

Servomex Controls, Ltd., Crowsborough Hill, Jarvis Brook, Sussex . . 
Short Brothers and Harland, Ltd., Seaplane Works, Queens Island, Belfast. . 
Sierex, Ltd., 241 Tottenham Court Road, London, W.1 

Sifam Electrical Instrument Co., Ltd., Torquay, Devon 


ds Aeroc ies, Ltd., Treforest, Pontypridd, Glamorgan 


Standard Teleph and Cables, Ltd., 10 Essex Street, London, W.C.2 


R. A. Stephen and Co., Ltd., 120 Lavender Avenue, Mitcham, Surrey 


Sydney Smith and Sons (Nottingham), Ltd., Basford Works, Egypt Road, 
Nottingham 


Solartron Electronic Group, Ltd., Solartron Works, Thames Ditton, Surrey 
Solus-Schall, Ltd., 18 New Cavendish Street, London, W.1 

Southern Instruments, Ltd., Frimley Road, Camberley, Surrey 

Sperry Gyroscope Co., Ltd., Great West Road, Brentford, Middx. 
Stevenage Relays, Ltd., 48 Dover Street, London, W.1 .. 

Stonebridge Electrical Co., Ltd., 6 Queen Anne's Gate, London, S.W.1 
Sunvic Controls, Ltd., 10 Essex Street, London, W.C.2 .. 

Tape Recorders (Electronics), Ltd., 784-788 High Road, Tottenham, London, N.17 
Taylor Electrical Instruments, Ltd., Montrose Avenue, Slough, Bucks 
Taylor-Short and Mason, Ltd., Hale End Road, Walthamstow, London, E.17 
Technograph Printed Circuits, Ltd., 32 Shaftesbury Avenue, London, W.1. 
Teddington Industrial Equipment, Ltd., Sunbury-on-Thames, Middx. 
Teledictor, Ltd., Birmingham Road, Dudley 

Telemechanics, Ltd., 3 Newman Yard, Newman Street, London, W.1.. 


Tel ics C ications, Ltd., 196 Dawes Road, London, S.W.6 


Test Equipment, Ltd., 1 Crompton Way, Crawley, Sussex 


J. Langh Thomp , Ltd., Bushey Heath, Herts. 


H. Tinsley and Co., Ltd., Werndee Hall, South Norwood, London, S.E.25 
Tomey Industries, Ltd., Tyburn Road, Erdington, Birmingham 24 
Trumeter Co., Ltd., Milltown Street, Radcliffe, Nr. Manchester 


Ernest Turner Electrical Instruments, Ltd., Totteridge Avenue, High Wycombe, 
Bucks. 


20th Century Electronics, Ltd., King Henry's Drive, New Addington, Surrey 
Ultrasonoscope Co. (London), Ltd., Sudbourne Road, Brixton Hill, London, $.W.2 
Vactric (Control Equipment), Ltd., 196 Sloane Street, London, $.W.1 

Victoria Instruments, Ltd., Midland Terrace, Victoria Road, London, N.W.10 .. 
Venner Electronics, Ltd., Kingston By-pass, New Malden, Surrey 

Vidor, Ltd., West Street, Erith, Kent 

Wayne Kerr Laboratories, Ltd., New Malden, Surrey .. 

West Instruments, Ltd., 52 Regent Street, Brighton 1, Sussex 

White Electrical Instrument Co., Ltd., 10 Amwell Street, London, E.C.1 
Whiteley Electrical Radio Co., Ltd., Radio Works, Victoria Street, Mansfield, Notts. 
Wilflo Products, 230-254 Brand Street, Ibrox, Glasgow, $.W.1 

Winston Electronics, Ltd., Govatt Avenue, Shepperton, Middx. 

Woodmet, Ltd., Globe Lane, Dukinfield, Cheshire 

Wray (Optical Works), Ltd., Ashgrove Road, Bromley, Kent .. 

G. H. Zeal, Ltd., Lombard Road, Morden Road, Merton, London, S.W.19 
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Technical Papers and Publications 


Distillation of Boron Trifluoride for 
the Production of Bio by’ UH. 
Kronberger and P. T. Nettley 
(U.K.A.E.A. Industrial Group, Risley 
and Capenhurst). The Physical 
Society—Low Temperature Group. 
March 22. 


The whole programme for the produc- 
tion of significant quantities of B10 was 
scheduled to be concertinaed into a 
maximum of one year. In this twelve 
months it was necessary to choose the 
process, complete the research work, con- 
struct a prototype column, design and 
construct a production plant, commission 
it and bring it to equilibrium. The 
column was designed to produce 15 kg/ 
year of Bio but in fact the output 
exceeds 20 kg/year and it is believed 
that this can be further increased by a 
substantial margin. 

Kilogramme quantities of highly 
enriched Bio are required by _ the 
U.K.A.E.A. in each of a number of 
reactor and nuclear physics experiments. 
Fractional distillation of BF, at —95° C 
is used to produce the isotope. 

In order to obtain the basic design data 
(separation factor and H.E.T.P.) a short 
glass column has been operated between 
—9S5° Cand —115° C. This column was 
packed with 1.5 mm Dixon rings and 
was thermally insulated by a silvered 
vacuum jacket. Evaporation was obtained 
by immersing a heated coil in the liquid 
BF,; the condenser was cooled with 
liquid nitrogen. A thermal resistance 
was inserted between the liquid nitrogen 
at — 195° C and BF, to prevent solidifica- 
tion of BF,. 

Concentration measurements along the 
column at total reflux enabled (q—1)/h to 
be determined, where q is the ratio of 
the vapour pressure, Bi1F;/BioF, and h 
is the H.E.T.P. Values of q and h were 
determined individually by continuously 
withdrawing material at the rate W from 
the bottom of the column and feeding it 
back into the top. This flow gives a Bio 
transport down the column which modi- 
fies the concentration gradient. 

These data give a value of q=1.0065 + 
0.0003 and h=2.53 cm at —100° C. It 
is interesting to note that the heavier 
isotope is the more volatile. 

Data obtained from the experimental 


column have been used to construct a. 


plant to produce boron containing 95%, 
Bio. The plant consists of two columns, 
each having 17.4 metres packed lengths 
in series. The first column produces 
material containing 50% Bio. This is 
fed into the second column, which is 
smaller in diameter than the first column, 
where it is enriched to 95% Bio. The 
small column strips down to 30% Bio 
which is fed back into the large column 


The Bro experimental separation plant 
at Capenhurst. 


at the appropriate point. Waste material 
containing 9% of Bio is withdrawn from 
the condenser of the large column. 

The rate of feed to the large column is 
accurately controlled to maintain the 
concentration of Bio at the feed point 
equal to that of natural boron. The 
product take-off from the boiler of the 
small column is accurately controlled to 
maintain the required product concentra- 
tion. The waste material is removed 
automatically by the mechanisms con- 
trolling the column pressure and hold-up 
in order to make the waste take-off rate 
exactly equal to the difference between 
feed and product rates. 

The production plant uses _ liquid 


nitroger to cool the ‘condenser and ‘has’ 


a vacuum jacket to prevent heat inleak- 
age. The plant has an equilibrium time 
of 23 days and produces BF, containing 
95°% Bio. The percentage of available 
isotope transport at the feed point that 
is used to produce this 95°% Bio is very 
large and higher concentrations of Bio 
could easily be obtained by reducing the 
product rate. 


The Homogeneous Aqueous Reactor by 
R. Hurst, I. Wells and D. Newby 
(A.E.R.E., Harwell). The Institution of 
Chemical Engineers. April 2. 


Preliminary estimates of costs show that 
both the cost per kWh and the capital 
cost are less than those of other advanced 
systems. Fissile inventory also is low. 
The two-zone breeder reactor furthermore 
is expected to consume only fertile 
material. From a nuclear point of view 
the HAR is inherently stable and safe, 
but mechanical safety presents many 
problems. 

The first experimental system LOPO, 
termed somewhat misleadingly a “ water- 
boiler’ using 565 g (enrichment 
15%) as uranyl sulphate diverged in 
May, 1944. A more powerful model 
using uranyl nitrate rated at 1 kW 
(HYPO) became critical in December, 
1944. Power was raised to 5.5 kW then 
later the assembly was dismantled and 
replaced by SUPO with an operating 
power of 30 kW fuelled by uranium 
enriched to 90%. A number of water 
boilers have since been built and are 
finding favour as_ research reactors 
(Nuclear Engineering 1, p. 344). At 
Harwell the zero energy facility ZETR 
has now been transferred to Dounreay 
for criticality experiments. 

The Homogeneous Reactor Experiment 
began operation at Oak Ridge in 1952 
and ran successfully for 2,000 hours at 
power levels up to 1,600 kW. Tempera- 
ture rise in the core was 250° C maximum, 
and after heat exchanging steam at 
200 p.s.i. was used to generate 140 kW of 
electricity. Nuclear power was found to 
be directly responsive to generator load. 
HRE was dismantled in 1954 and HRT 
(homogeneous reactor test) with a, power 
rating of 10 MW has now been built. 

To establish a realistic programme of 
research and development a design study 
has been made at Harwell of a 100 MW 
(electrical) power breeder reactor. Some 
of the parameters have been chosen 
arbitrarily such as the 300 MW/100 MW 
power ratio between the core and blanket 

A burner reactor dispenses with the 
blanket and the bulk of the chemical 
processing and gas handling systems. A 
proposal to build such a reactor has been 
made by Wolverine Electric Supply 
Corporation, Michigan, -U:S.A.- Design 
and construction would be undertaken by 
Foster Wheeler Corporation. 

single-zone breeder suspension 
reactor is being studied by a joint team 
from Pennsylvania Light and Power Co. 
and Westinghouse Corporation under the 
title Pennsylvania Advanced Reactor 
Project (PAR). The Netherlands Atomic 
Energy Centre is to build a low-powered 
experiment (SUSPOP) at Arnhem. 
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Appointments 


Dr. F. A. Tatford, chief purchasing 
officer of the U.K.A.E.A., as director of 
contracts in succession to Mr. R. A. 
Browning, O.B.E., who is retiring in the 
near future. 


Sir Harold Hartley, G.C.V.O., F.R.S., 
as president of The Society of Instrument 
Technology, in succession to Mr. A. J. 
Young, B.A., B.Sc., the retiring president. 


Mr. S. A. Clodd, works manager, radio 
and television, as executive director of 
E. K. Cole, Ltd. 


Mr. J. J. Bliss, B.Sc.(Eng.), Grad. [.E.E.., 
as education officer of Marconi Instru- 
ments Ltd. 


Mr. J. Dummelow, M.A., A.M.LE.E., 
as assistant manager, publicity depart- 
ment of Metropolitan-Vickers Electrical 
Go; Eta. 


Mr. J. O. Hitchcock, a director of The 
Mond Nickel Co. Ltd., as a director of 
Henry Wiggin and Co. Ltd. 


_Mr. A. D. Priestland, M.B.E., M.L.E.E.. 
and Mr. P. E. Trier, M.A., A.M.LE.E., 
as directors of The Mullard Radio Valve 
Co. Ltd. 


Mr. H. Rush Spedden as director of 
research of Union Carbide Ore Company, 
a division of Union Carbide and Carbon 
Corporation, responsible for the Com- 
pany’s Operations in the Corporation's 
Nuclear Research Centre in Sterling 
Forest, New York. 


Dr. John Burr, previously associated 
with the U.S. Atomic Energy Commis- 
sion’s Oak Ridge National Laboratory, 
as supervisor of the Radiation Chemistry 
unit of Atomics International, and Dr. 
E. L. Colichman as research specialist to 
work on problems of utilizing nuclear 
reactors for chemical processing. 


Dr. Davis R. Dewey, jun., as president 
of Baird-Atomic, Inc., in succession to Dr. 
Walter S. Baird now full-time chairman 
of the board. 


Mr. Hollis L. Gray as junior vice- 
president, Technology Instrument Cor- 
poration, Acton, Mass. 


Mr. Reginald Catherall as director of 
the Solartron Research and Development 
Ltd. 


Mr. Harry L. Browne, formerly 


manager of the nuclear products depart- 
ment of Thompson Products, Inc., as an 
assistant to the division general manager, 
General Dynamics Corporation’s general 
atomic division. 
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Personal 


Mr. Richard L. Kirk, as assistant 
director for International Organizations 
of the Division of International Affairs of 
the U.S.A.E.C. 


Mr. J. D. Howden Hume, production 
engineer, and Mr. J. D. Young, secretary, 
as directors of James Howden and Co. 
Ltd., and Mr. J. S. A. Pearson, controller, 
and Mr. N. Zoller, general works 
manager, as local directors. 


Awards 


To Professor M. R. Drennan, Professor 
Emeritus of Anatomy at Cape Town 
University, the South African Medal and 
grant for 1956-57 by the South African 
Association for the Advancement of 
Science. 


To Mr. G. F. C. du Plessis, South 
African Iron and Steel Industrial Corpor- 
ation Ltd., the Mond Nickel Fellowships 
Additional Award for 1956 to study the 
preparation of ores by sintering, pelletiz- 
ing, etc., and the effect on blast furnace 
practice of the use of prepared burdens. 


To Dr. W. H. Darlington, chief 
engineer, Gas Turbine Engineering and 
Gear Engineering Departments, Metro- 
politan-Vickers Electrical Co. Ltd., the 
1956 Silver Medal of the Institute of 
Marine Engineers for his paper ‘“ Some 


Considerations of Wear in Marine 
Gearing.” 
Brigadier-General Kenneth E. 


Fields, U.S. (Ret.), general manager of the 


U.S.A.E.C., the Distinguished Service 
Medal. 
Retirements 


Mr. F. Shakeshaft, O.B.E., A.M.LE.E.. 
M.Inst.F., mechanical engineering consul- 
tant of the Central Electricity Authority 
on March 31. 


Mr. H. E. Chaplin, chief designer to 
The Fairey Aviation Company Ltd. 


Obituary 
Nuclear Engineering records, with 
regret, the deaths of the following 


personalities: — 


Mr. Paul Sison Ham, chairman and 
managing director of Ham, Baker and 
Co. Ltd. Langley Green, Oldbury, 
Birmingham. The company was founded 
by his father in 1894. 


Dr. John Von Neumann, a member of 
the U.S. Atomic Energy Commission 
since October, 1954. He was credited 
with a major role in the application of 
high-speed calculating machines to nuclear 
research. 


Publications 


Servo-mechanisms.—The full range of Ketay high- 
accuracy miniature servo-mechanisms comprises 
synchro transmitters, receivers, resolvers, tacho- 
meter-generators and induction motors. Ketav Ltd., 
Eddes House, Eastern Avenue West, Romford, 
Essex. (Brochure KY /301.) 


Line Taps and Shrouds.—Details of the split-bolt 
type of connector and associated shroud made by 
Bowthorpe Electric Co. Ltd., Crawley, Sussex. 


Tin Research.—The 1956 report reviews the latest 
metallurgical and chemical developments. Tin 
Research Institute, Fraser Road, Perivale, Green- 
ford, Middlesex. 


Lubrication Equipment.—The lubrication of 
pneumatic equipment and different kinds of oil and 
grease lubricators are described in a 24-page 
brochure just issued by C. C. Wakefield and Co. 
Ltd., 46 Grosvenor Street, London, W.1. 


Lead in Solders and Fusible Alloys.—The fifth in 
a series of booklets dealing with ‘* Applications of 
Lead.’* Lead Development Association, Eagle House, 
Jermyn Street, London, S.W.1. 


Rotary Air Compressors.—Full technical specifica- 
tions of the new range of portable rotaries intro- 
duced by Broom and Wade, Ltd., High Wycombe, 
Bucks. 


Electronic Components .—Resin encapsulated 
assemblies and electronic equipments manufactured 
by Lion Electronic Developments Ltd., Lion Works, 
Hanworth Trading Estate, Hampton Road, Feltham, 
Middlesex. 


Atomic Energy in Economic Development.—Report 
of a panel discussion at the eleventh annual meeting 
of the board of governors of the International Bank 
for Reconstruction and Development (European 
office: 67 rue de Lille, Paris 7e). 


Prospects.—Newspaper-style paper published 
periodically by Acheson Colloids Ltd.. 18 Pall Mall, 
London, S.W.1. Contains some interesting accounts 
of industrial applications of ‘* dag *’ dispersions. 


Air Filtration.—The continuous-cleaning Ventex 
air filter is described in a new publication from 
Ozonair Engineering Co. Ltd., The Esplanade, 
Rochester, Kent. 


MEETINGS 


May 6.—Institution of Electrical Engineers: 
Informal discussion, ** Co-ordination of Education 
and Practical Training in Sandwich Courses,” 
opened by C. Grad and A, Draper. 


May 8.—B.E.A.M.A, Education Committee one- 
day conference on Technical Training, Royal 
Festival Hall. (Details from 36 Kingsway, London, 


May 8.—Women’'s Engineering Society (at 45 
Great Peter Street, London, S.W.1): “ Future 
Prospects for Nuclear Power,” Dr. J. V. Dunworth. 


May 14.—Society of Instrument Technology 
(Manchester section at the College of Technology): 
** Industrial Applications of Radio-isotopes,”” H. A 
Tapsfield. 


TO NOTE 


May 15.—Institution of Electrical Engineers: ** A 
Survey of. Transistor Circuit Techniques.” 


May 23.—Institution of Electrical 
(6.30 p.m. following A.G.M.): ** General 
tions of Digital Computers,” A. D. Booth. 


May 28.—Institution of Civil 
“ Portishead ‘B’ Power Station, with 
reference to the circulating water works,” H. D. 
Morgan and Louis Sancha. 


May 28 and 29.—Institution of Chemical 
Engineers joint meeting with the Society of 
Chemical Industry and the Chemical Engineering 
Group, with Dutch chemical engineers (at Church 
House, Westminster): Symposium, “ The Scaling-up 
of Chemical Plant and Processes.” 


Engineers 
Applica- 
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International 


International co-operation to foster peace- 
ful applications of nuclear energy is 
developing rapidly. Following the signing of 
a treaty in Rome by France, W. Germany, 
Italy, Belgium and Holland, the European 
Atomic Energy Committee (Euratom) has 
decided to go ahead with both natural- 
uranium and enriched-uranium nuclear power 
stations. 


On March 21 the O.E.E.C. steering com- 
mittee for nuclear energy considered the 
reports of the committee of experts on the 
joint development of experimental reactors. 
Four different types met with  generai 
approval: materials-testing, a homo- 
geneous-aqueous and on a longer term basis 
a fast-breeder and liquid-metal fuelled. The 
steering committee agreed that a study group 
should be formed to expedite these projects. 


Early in April Britain’s lead in nuclear 
power was widely acknowledged at a confer- 
ence of 400 European industrialists in Paris. 
Considered opinion among delegates repre- 
senting 11 countries indicated that the Calder 
Hall type of reactor was more adaptable to 
European conditions than an American 
enriched-uranium reactor. 


Vienna will probably be the permanent 
home of the proposed international atomic 
agency, a preparatory committee announced 
on April 5. The first general conference in 


the city will begin on August 19 and last 
for a month. 


On April 10 the Foreign Ministers of 
Sweden, Norway, Denmark and _ Finland 
announced that their countries would jointly 
participate in nuclear research. A central 
research institute would be established in 
Copenhagen they said. 


United Kingdom 


N.LR.N.S. — National Institute for 
Research in Nuclear Science—has confirmed 
that it hopes to erect its first accelerator 
adjacent to A.E.R.E., Harwell. Provisional 
details were given in Nuclear Engineering 2, 
p. 47. This does not mean, of course, that 
all the Institute’s facilities will necessarily be 
located at Harwell. 


Metallurgical problems arising from the 
generation of nuclear power are being 
investigated by the British Non-Ferrous 
Metals Research Association. On April 24, 
Dr. Maurice Cook (chairman, metals 
division, I.C.I.) told the A.G.M. that work 
was already in ‘progress on thorium and 
thorium alleys. Full details of other research 
activities are given in the annual report. 


U.K.A.E.A. have booked 4,000 to 5,000 
sq. ft. of space at the 1957 Safety and Factory 
Efficiency Exhibition (S.A.F.E.) at Bingley 
Hall, Birmingham, June 14 to 21. The 
exhibit will feature both the generation of 


Excavations for the two reactors at 
Berkeley nuclear power station. No. 1 
reactor pit in the foreground is in the 
process of being concreted. The 
indentations around the pit will be 
the sites for the heat exchangers. To 
the left is the excavation for the Turbine 
Hall. In the right foreground is the 
pressure vessel erection slab (A.E.I.- 
John Thompson Nuclear Energy 
Co., Led.). 


electricity from nuclear power and industrial 
applications of radio isotopes. Health and 
safety problems will be fully covered in 
papers at a conference, ‘* Atom, 1957” 
coinciding with the exhibition. 


Uranium concentrates worth at least $115 
million will be bought by the U.K. from 
Canada during the next five years. The 
announcement was made at the end of a 
two-day conference between the Prime 
Minister, the Rt. Hon. Harold Macmillan, 
and Canada’s Premier, Mr. St. Laurent. In 
order to bring about this purchase the U.S.A. 
will have to forgo delivery of some con- 
centrates. The British order will be fulfilled 
by Eldorado Mining and Refining—the 
official Canadian Government buying and 
selling agent for uranium concentrates. 
Eldorado’s existing contracts with some 18 
Canadian uranium’ mines total nearly 
1.5 billion dollars. 


New educational plan, announced by the 
Vickers Group, provides for the endowment 
of a new hall of residence for 70 students at 
Imperial College, London, together with three 
new £400-a-year scholarships, tenable at 
Christs, Downing and Trinity Hall, Cam- 
bridge. In addition there will be scholarship 
awards for apprentices, more apprentice 
training schools, junior management courses. 
A group education officer will administer a 
unified education policy. 
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Royal Charter has been granted to the 
Institution of Chemical Engineers (16 
Belgrave Square, London, S.W.1). 


Public inquiry into the C.E.A. proposal 
to build a nuclear power station at Hankley 
Point in Bridgwater Bay, Somerset, will be 
held on May 14. 


Nuclear Engineering. The index to 
Volume 1 (April-December, 1956) can be 
obtained from Temple Press Ltd., Bowling 
Green Lane, E.C.1, price 4d., post free. 


Hayward Tyler and Co., Ltd., of Luton, 
have received an order from A.B. De Lavals 
Angturbin of Sweden for six glandless pump 
and motor units for installation in Sweden's 
first power reactor. 


Sir John Cockcroft in a lecture to the 
Instituto di Studi Parliamentari, Rome, 
specifically stated that the U.K.A.E.A. will 
build a high-temperature gas-cooled reactor 
to investigate characteristics for power 
station applications. 


Land-based prototype of the pressurized- 
water reactor for the Vickers nuclear-powered 
submarine will be built at Dounreay. The 
site is + mile west of the A.E.A. station. 
When the machinery has been proved by a 
series of tests and trials, naval personnel will 
be trained there. 


Electronic computers will be the subject 
of an exhibition and symposium at Olympia, 
London, from November 28 to December 4 
next year. The exhibition is being sponsored 
by a joint committee of the Radio Com- 
munications and Electronic Engineering 
Association and the Office Appliance and 
Business Equipment Trades Association. 


To improve liaison between the various 
official institutions concerned generally with 
automation, the three major institutions 
(Civils, Mechanicals and Electricals) have 
proposed that a joint conference should be 
set up rather than a single all-embracing 
society. The proposed conference will com- 
prise three discussion groups dealing with 
engineering applications of automation, the 
development of these techniques and the 
sociological problems involved. 


The intricate stainless-steel vessel which will contain the fast- 
breeder reactor at Dounreay shown leaving the John Thompson 
works at Wolverhampton on the first stage of its journey. 
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Africa 


Uranium prospecting in Rhodesia is being 
actively encouraged by U.K.A.E.A. The 
Authority will buy annually chemical con- 
centrates containing 500 tons of uranium 
oxide. Small producers will be assisted 
by further purchases of uranium-bearing 
ores containing up to 100 tons of uranium 
oxide. 


In April two American and one British 
geologist arrived in Salisbury, Southern 
Rhodesia, to inspect recent discoveries of 
radioactive mineral deposits. They were 
shown deposits near Umtali, Lake Nyasa, and 
on the Northern Rhodesia  copper-beit 
together with lithium deposits at Bikito, 
Southern Rhodesia. 


s 

Australia 

Mobile exhibition featuring U.K. nuclear 
energy development will tour Australia this 
summer. The stand—sponsored by the 
British Board of Trade in conjunction with 
the U.K.A.E.A.—will tell the story of the 
latest British developments. The exhibition 
will first be shown at the Sydney Industries 
Fair (July 22 to August 3) then at Melbourne 
(September 19 to 29) and subsequently at 
Canberra, Perth, Adelaide and Brisbane. 


Canada 


Late-stage rethinking is allecting the 
design of Canada’s nuclear power project 
near Chalk River, Ontario. Work has been 
temporarily halted on the construction of 
the heavy-water-moderated natural-uranium 
reactor. The three companies involved—the 
Hydro-Electric Power Commission of 
Ontario, the Canadian G.E.C. and Atomic 
Energy of Canada, Ltd.—say that because 
of important technological advances... it 
seemed most desirable that an attempt should 
be made to incorporate them into the design 
of the reactor even at the expense of some 
delay.” 


Atomic Energy of Canada, Ltd., a 
Crown company, will spend 930,000 dollars 
(£332,000) on the design, development and 
testing of large reactors in the year ending 
March 31, 1958. Total budget will be 
22,563,100 dollars (over £8 million). 


France 
France’s nuclear programme has been 
clarified by a number of official statements. 
On April 3 the Government agreed to spend 
some £384 million on nuclear research and 
development during the next five years. This 
programme includes building a £60 million 
isotope separation plant. Ten days later 
M. Georges Guille, Secretary of State for 
Atomic Energy, said that by 1975 nuclear 
energy will provide 25% of France’s elec- 
tricity. The first station—at Avoine, near 
Blois—would produce 850 MW by 1965. 


During a tour of Saclay research centre— 
part of the Royal visit to France in April— 
Prince Philip was shown a new experimental 
reactor which will use enriched uranium from 
the U.K., and a particle accelerator which, 
when complete, will be the largest in 
Western Europe. 


Work has begun on the first French 
nuclear-powered submarine. M. Henri 
Biassas, assistant director of Saclay nuclear 
studies centre, said the vessel, the Q-2444, 
will be launched in four years; it will be 
fuelled by natural uranium. 

Radio-isotopes in scientific research will be 
discussed by over 1,000 delegates to a Unesco 
conference in Paris from September 9 to 20. 


Germany 


Permission has been granted for the build- 
ing of the first West German research centre 
in Karlsruhe; work will start this year. 
Interest in research reactors continues. The 
Minister for Atomic Affairs, Dr. Siegfried 
Balke, announced on April 2 that he had 
cencluded an agreement with the U.S. 
Government for four research reactors for 
German universities. He was also negotiat- 
ing for the purchase of a 15-MW_ power 
demonstration reactor. 


German Federal Ministry for Atomic 
Energy has placed a research order with 
Pintsch Bamag’ Aktiengesellschaft of 
Butzbach-Hessen to further production of 
heavy water by hydrogen  sulphide/water 
exchange. 


British Board of Trade, in conjunction with 
U.K.A.E.A., have a 3,000 sq. ft. stand 
featuring nuclear energy at the current 


Hanover International Trade Fair. 


During the Royal visit to France, Prince Philip visited the 
nuclear centre at Saclay, near Paris. 


M. Francis Perrin, French High Commissioner for Atomic Energy. 


He was accompanied by 
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American and Continental instrument makers were represented 
at the show sponsored by B. & K. Laboratories, Ltd., at Caxton 
Hall, London, in March. 


India 


Radioactive ore deposits—probably richei 
than those at Travancore, South India—have 
been located in North East India. Preliminary 
surveys indicate that the deposits contain 
more than 3.3 million tons of ore with about 
300,000 tons of 10% thorium concentrate 
and 10,000 tons of 0.3 to 0.4% uranium con- 
centrate in addition to approximately 
80 million tons of ilmenite. 


Japan 


In spite of high-pressure American sales- 
manship Japan still prefers the British Calder 
Hall-type of reactor. Reports from Tokyo 
indicate that American reactor manufac- 
turers—with the active encouragement of the 
U.S.A.E.C.—are now making an all-out effort 
to capture orders. 


Netherlands 


In conjunction with Het Atoom—Anmster- 
dam’s international atomic exhibition, July 1 
to September 16, 1957—there will be severai 
international conferences this summer— 
including the O.E.E.C. isotope conference 
(June 24 to 29) and the annual meeting of 
the European Atomic Society in September. 

To speed up the development of atomic 
energy for industry a working group of 12 
experts will be granted a research credit of 
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fl. 0.5 million. The group will investigate the 
problems involved in establishing nuclear 
power plant of the Calder Hall type. Exist- 
ing research on a ** wet suspension reactor ”’ 
and a reactor to produce fissionable materials 
will be speeded up. The responsible body for 
this research will be the KEMA organization 
at Arnhem. 


Spain 

Group of Spanish private industries related 
to the Banco Urquijo have just created a new 
company TECNATOM S.A. (Barquillo 1, 
Madrid) for the development of nuclear 
energy in Spain in all! its industrial applica- 
tions. The owners have net assets in excess 
of eight billion pesetas. 


Sweden 


To finance the atomic energy programme 
the government will ask parliament to tax 
existing sources of energy—coal, petrol and 
domestic electricity. A special tax on 
cigarettes is also envisaged. 


U.S.A. 


Criticisms have been levelled at the 
U.S.A.E.C. by the General Accounting Office 
on its contract—the first under the power 
demonstration reactor programme — with 
Yankee Atomic Electric Co. on the grounds 


New type of glass shielding brick as dense as iron, and two-thirds as dense as 
lead, announced by The Atomic Center, of 489 Fifth Avenue, New York City. 
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The Argonaut is a new low-cost, low-power (10 kW, inter- 
mittent) educational reactor at Argonne National Laboratory, 


Illinois, U.S.A.: 


that ** Yankee has not yet demonstrated its 
financial competence * and that there is not 
sufficient evidence to show that the Govern- 
ment will receive benefits proportional to its 
investment, 

Power Reactor Development Co. of Detroit 
can call on U.S.A.E.C. for assistance in the 
construction of the large-scale nuclear power 
plant at Monroe, Michigan. The company 
is building a sodium-cooled fast-breeder 
reactor capable of generating at least 
100 MW. The turbo-generator and other 
non-nuclear parts will be made by the 
Detroit-Edison Co. Of the total construction 
cost of $47 million about $33 million are for 
the reactor. The A.E.C. will pay up to 
$4.45 million towards development. 

Prospective private reactor operators in 
the States have been given details of the 
processing charges to be levied by the 
U.S.A.E.C. Costs will vary according to 
reactor-heat-conversion efficiency, type of 
fuel element and the attainable service life. 
The processing charge will be based on a 
basic rate of $15,300 per ton of natural or 
slightly enriched uranium. This figure 1s 
assumed from a _ 1-ton-per-day-capacity 
processing plant costing $20,570,000 to con- 
struct, with annual operating costs (including 
amortization) of $4,592,000. 

Babcock and Wilcox Co. of New York 
have been awarded a $9,872,000 (over £34 
million) contract by U.S.A.E.C. for a reactor 
to drive a merchant ship. The ship is 
scheduled for completion in 1960; the 
reactor output will be approximately 20,000 
shaft horse-power. 


U.S.A.E.C. Licences. To Babcock and 
Wilcox Company for operation of a critical 
experiments facility near Lynchburg, Virginia. 
To Foster Wheel Corporation for export of 
a 5-MW tank-type reactor to the Danish 
Nuclear Research Centre near Roskilde, 
Copenhagen. To Loretz and Co. for export 
of a 500-watt Atomics-International solution- 
type reactor for the same centre. 


U.S.S.R. 


New proton synchroton with a rating of 
8.300 MeV was commissioned at the United 
Nuclear Research Institute at Dubna near 
Moscow on April 11. Professor D. 
Blokhintsev, Director of the Institute—which, 
in effect, centralizes research facilities for the 
Communist bloc nations—said that it was 
hoped to raise the power to 10,000 MeV. 


. 


i 
; 
iy 
” 
4 ag 
D 
vi 
a 
st 
in 
its 
ex 
al 
Fi 
st 
be 
ol 
4 fo 
4 to 
TI 
ca 
Vi 
mi 
4 ve 
dr 
co 
ca 
flo 
ho 
of 
| alt 
i wi 
i in 
of 
ne 
in 
jul 
\ > ors 
\ the 
fda 
mc 
the 
‘ 
pre 
far 


May, 1957 


NUCLEAR ENGINEERING 


Orbits in Industry 


Exhibitions have been very much in the 
news during the past few weeks. 
Coincident with the Physical Society’s 
exhibition. reviewed in the April issue 
of Nuclear Engineering, was the Inter- 
national Instrument Show at Caxton Hall. 
Unlike most exhibitions, this is sponsored 
by a commercial concern—B and K 
Laboratories Ltd. In certain quarters, 
the opinion has been expressed that this 
is an attempt to steal the thunder of the 
Physical Society's show, but Tangent 
cannot agree. To gather together, in one 
accessible spot, the products of more than 
50 leading manufacturers ranging from 
Denmark to the U.S.A. seems to be pro- 
viding a service all round. It provides 
a shop-window for manufacturers who 
probably could not afford a permanent 
showroom in Britain, and enables the 
instrument buyer to see what overseas 
manufacturers are doing. Furthermore, 
its coincidence with the Physical Society’s 
exhibition is actually a good idea, especi- 
ally for those who live out of London. 
Finally, competition is an_ essential 
stimulant for a healthy industry. Any 
company possessing the distinction of 
being .. . “ the only one who can do it, 


old boy” ... may find it a lot of fun 
for a time. But it doesn’t stay on its 
toes. 


The “ Supers ” 

Hard on the heels of the International 
came the Electrical Engineers Exhibition, 
organized by the Association of Super- 
vising Electrical Engineers. The pheno- 
menal growth of this exhibition from its 
very modest beginnings as a one-man 
dream has already been recorded in these 
columns (November, 1956) and the fore- 
cast made at that time—that the ground 
floor at Earls Court would no longer 
hold it—has proved true. 

The main emphasis of this exhibition, 
of course, is on the purely electrical side, 
although there were one or two exhibits 
with a direct interest to nuclear engineers, 
including that of Midland Silicones Ltd., 
of which we hope to hear more in the 
near future. The use of silicone varnishes 
in electrical work, particularly in con- 
junction with Fibreglass, has resulted in 
the production of motors which will 
stand up to temperatures that would have 
rapidly written-off their more conven- 
tional predecessors using cotton and 
organic varnishes. As far back as 1947 
the G.E.C. had an experimental induction 
motor running continuously with a pan 
of water boiling merrily on the outside of 
the casing. So far, however. little has 
been said about the reaction of silicones 
to radiation. If their performance is as 
promising in this direction, it might go 
far towards the simplification of drive 
mechanisms for control rods. 


A noteworthy feature of this exhibition 
was the Education and Training exhibit. 
a separate section of some 30 stands 
ranging from the L.E.E., the C.E.A., the 
Admiralty and R.A.F., to a number of 
manufacturing companies, all emphasiz- 
ing the needs of youth and the oppor- 
tunities available. 


Public—or Private? 


Before this issue is many days old, the 
Instruments Electronics and Automation 
Exhibition (see p. 204), the Factory 
Equipment Exhibition, and the B.LF. will 
be upon us. Almost submerged in all 
these, however, has been the Radio and 
Electronic Component Manufacturers 
Federation show, which coincided with 
the A.S.E.E. exhibition. There has been 
a suggestion that this should become a 
* guest,” as it were, of the A.S.E.E., a 
separate section being made available to 
the R.E.C.M.F. Whether this will be 
adopted or not, it is difficult to conjecture. 
The advantages would include an easier 
programme for out-of-town visitors who 
have not time to visit two exhibitions. 
It would also remove a frightful head- 
ache from companies who wish to be 
represented at both exhibitions—and if 
you don’t think that organizing one 
stand, let alone two, is a headache, ask 
any publicity manager. It would also 
Open the show to a wider public. 

On the other hand, the R.E.C.M.F. 
may not want a wider public. Although 
their exhibition has grown considerably 
in the past few years, it is still, relatively 
speaking, small and compact. Admission 
is restricted to those who are really 
likely to be genuinely interested; it is not 
a show where either “flannel” or an 
ordinary half-crown ticket will admit you. 
It is, in short, a shop window for genuine 
shoppers—and large-scale shoppers at 
that. The type of visitor for which it is 
really intended is someone who thinks in 
terms of a thousand gross, not a radio 
amateur with a “ one-off” job. Still 
less, one imagines, do they feel inclined 
to encourage the small boy who is deter- 
mined to collect an armful of expensive 
literature that he doesn’t understand, and 
will not carry farther than the door. 


Safety 


When one speaks of safety or health 
in conjunction with atomic energy. the 
average person’s thoughts immediately 
turn to Sroo fall-out, and nothing else. 
This is understandable, since it is difficult 
to pick up a newspaper without an article 
claiming that the danger is negligible—- 
or, of course, that humanity will be wiped 
out in the next decade or so. (You pays 
your penny, and takes your choice.) It 
is, then, difficult to make the average 


citizen realise that there is a_ highly 
important aspect of safety that has 
nothing whatsoever to do with bombs. 
That nuclear materials can be handled 
with safety, providing proper precautions 
are taken, is proved by the A.E.A.’s own 
record. Nevertheless, the large-scale 
industrial use of isotopes could present 
a very different picture. without some 
pretty widespread educational measures. 
What could happen is that there might 
be exaggerated precautions taken at first, 
followed by the usual over-confidence 
and, finally. outright carelessness. 

There are obvious precedents. When 
gas lighting was first introduced into the 
House of Commons, Hon. Members put 
on their gloves before touching the pipes. 
convinced that they must be hot. The 
new-fangled electric light was regarded in 
the same cautious fashion. Nowadays, 
the home handyman installs extra circuits 
with flex jammed into the cracks between 
floorboards, and the occasional housewife 
pops the electric iron into the baby’s bath 
to warm it up a bit. We cannot afford to 
have parallel situations in our own field, 
and though no manufacturer will supply 
apparatus that is not safe, it is impossible 
to prevent deliberate misuse. Education 
is the only answer. not only for those 
who have to work with isotopes but for 
anyone who can possibly have access to 
them. and it is good to see that this 
question is being given attention. In addi- 
tion to the “ Atoms and Health ” exhibi- 
tion that the Royal Society of Health has 
opened at 90 Buckingham Palace Road, 
S.W.1 (open until the end of May), the 
Birmingham Chamber of Commerce is 
also taking a hand. 

The Birmingham and District Industrial 
Safety Group hold a national exhibition, 
every second year, on the theme of 
health, welfare, and safety of industrial 
welfare and, this year, the nuclear aspect 
is being prominently featured. In con- 
junction with the A.E.A.. a large section 
of the exhibition will be devoted to 
“Atom 1957” in which the safety 
question will be stressed, not only in the 
exhibit, but in the Congress of lectures 
and discussions held in conjunction with 
this exhibition, which will be open from 
June 14-21. 


Death of a Romance 


A United States manufacturing company 
has offered a reactor to the State of 
Nepal.—News Item. 


There’s a nuclear reactor to 
the North of Khatmandu 

(Where Mad Carew once rushed 
upon his fate). 

Now from Himalayan snow 
they’re distilling D,O 

And green-eyed Yellow Gods 
are out-of-date. 
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Industrial Notes 


The Hawker Siddeley Group Ltd. has 
made an offer to acquire the whole of 
the issued share capital of the Brush 
Group Ltd., subject to the shareholders’ 
acceptance. The Brush Group, com- 
prising Brush Electrical Engineering Co. 
Ltd.; Mirrlees, Bickerton and Day, Ltd.; 
The National Gas and Oil Engine Co. 
Ltd.; J. and H. McLaren Ltd.; and Petters 
Ltd., has so far not been engaged in 
nuclear work. The Hawker Siddeley 
Group, through their subsidiary company 
Hawker-Siddeley Nuclear Power Co. 
Ltd., have a substantial interest in this 
field, notably in liquid metal fuels. They 
are currently engaged on research and 
development work for A.E.R.E. Harwell 
on liquid metal loops. 


Standard Telephones and Cables Ltd. 
have opened new premises in Birmingham 
at 48 Kenyon Street. 


The Baldwin Instrument Co., Ltd., is 
now controlled by C. E. Harper Aircraft 
Co., Ltd. The present range of Baldwin 
nucleonic, electronic and other products 
will be continued and an expansion of 
manufacturing and research facilities is 
envisaged. 


Mullard, Ltd., have supplied a 5 MeV 
linear accelerator to a Ministry of 
Supply establishment. The machine is 
probably the first of its kind designed 
specifically for industrial radiography. 


Honeywell-Brown, Ltd., have supplied 
remote temperature-recording equipment 
to indicate conditions in the source 
furnace of Hermes—Harwell’s active 
electromagnetic isotope separator. 


Ernest Turner Electrical Instruments, 
Ltd., manufactured all the electrical 
measuring instruments for the Hermes. 


Imperial Chemical Industries, Ltd., 
have ordered vacuum arc-welding plant, 
for an annual production of about 2,000 
tons of double-melted titanium ingots, 
from W. C. Heraeus, G.m.b.H., of 
Hanau, Western Germany. The contract 
was placed’ through Fleischmann 
(London), Ltd., 16 Northumberland 
Avenue, London, W.C.2. 


Tracerlab, Inc., have now moved into 
a new factory at 1601 Trapelo Road. 
Waltham 54, Massachusetts, U.S.A. In 
addition to laboratories for a wide range 
of nuclear activities the new 164,000 
sq. ft. building houses Tracerlab’s new 
reactor monitoring services and instru- 
mentation facilities. 


Daniel Adamson and Co., Ltd., have 
just announced plans for a 30,000 sq. ft. 
extension at their Dukinfield. Cheshire. 
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works. The additional space will be used 
tor fabrication—particularly of nuclear 
plant. The company have agreements 
with Alco Products, Inc., of America, 
and Humphreys and Glasgow, Ltd., of 
London. The consortia intend to build 
pressurized-water-reactor power stations 
of from 2 to 20 MW capacity. 


Newman Hender and Co., Ltd., are 
sending their mobile showroom to the 
Continent. The company specialize in 
steam valves and fittings. 


The MacGregor Group will supply a 
removable roof cover for the cyclotron 
building which is being built for the 
French Atomic Energy Commission. 


Mitcheli Engineering, Ltd., have 
received their fifth contract from the 
U.K.A.E.A. The current order concerns 
the installation of pipework at the Spring- 
fields establishment near Preston. The 
value of the first stage is estimated at 
several thousand pounds. 


The English Steel Corporation, Ltd., of 
Sheffield. recently received one of the 
largest forging orders for nuclear plant 
yet placed. Valued at over £80,000, it is 
for gas inlet and outlet nozzles and rings 
intended for the two 70-ft. diameter 
spheres which G.E.C./Simon Carves will 
supply as part of the South of Scotland 
E.B. power station. 


Mange Plastics, Ltd., a subsidiary of 
Tube Investments, Ltd.. will shortly open 
a new factory at Aston, Birmingham. 
The company’s products include welded- 
plastic-pipe structures for conveying cor- 
rosive liquids and gases. 


Flexibox, Ltd., are now manufacturing 
mechanical seal components in their new 
factory at Ballymena, Co. Antrim. Within 
a short period the company will also 
make Sealol seals under an agreement 
with the Sealol Corpn. of America. 


Heat Transfer, Ltd., of 30 Church 
Street, Croydon, announce that W. B. P. 
Coleman, Ltd., of 29 Oxford Street, 
Newcastle-upon-Tyne, and McCulloch 
and Miller, of 180 West Regent Street. 
Glasgow, C.2, have been appointed agents 
for all tynes of heat exchanger equipment. 


G. A. Platon, Ltd.—A technical service 
for all industries concerned with the 
handling of fluids is provided by this new 
company. It has exclusive rights to manu- 
facture and sell the Flostat automatic 
flow controller. Enquiries should be 
addressed to G. A. Platon, Ltd., 323a 
Whitehouse Road, Croydon, Surrey. 


Wild-Barfield Electric Furnaces, Ltd., 
are to manufacture under licence vacuum 
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metallurgical equipment developed by the 
N.R.C. Equipment Corporation of U.S.A. 
The company have also been appointed 
sole agents for all other N.R.C. products. 


Automatic Telephone and Electric Co., 
Ltd.—A five-storey building with a total 
floor area of 55,000 sq. ft. has been 
acquired in Liverpool as part of an expan- 
sion programme. Electronic equipment 
will be assembled there. 


British Th Houst Co., Ltd., 
have received an order the 
U.K.A.E.A. for 32 3.3-kV., 150-MVA, 
6-panel air-break, truck-type switchboards 
for installation at Capenhurst. The order 
is worth about £250,000: 96 B.T.H. 
switchboards have now been ordered for 
Capenhurst. 


Compoflex Co., Ltd., have extended 
their flexibles advisory and manufacturing 
service to include certain forms of rigid 
tubing by the acquisition of the entire 
share capital of Rollo, Hardy and Co.., 
Ltd.. and Tube Making Machines, Ltd. 


Educational Courses 


Loughbo-ough College of Tech- 
nology.—One year residential post- 
graduate course in industrial 
engineering for senior personnel. 
Fees: £75 per annum for tuition; 
£120-£150 for residence. Applications 
to Head of department of industrial 
engineering, Loughborough College of 
Technology, Loughborough, Leicester- 
shire. 

Journalists’ Course-—A two-day 
course in nuclear energy for journalists 
has been arranged at the reactor 
school, Harwell, from May 30 to 31 
by Fee: £10 10s. 
U.K.A.E.A., St. Giles Court, London, 
WG.2. 


Familiarization Course in Nuclear 
Engineering.—For students of gradu- 
ate level, this six-week course will 
include lectures on nuclear physics, 
heat transmission, reactor theory, 
reactor design, the materials of nuclear 
engineering, fuel technology and the 
control, instrumentation and shielding 
of reactors. Applications to Dr. 
R. F. Saxe, Queen Mary College, 
Mile End Road, London, E.1. 

Post-graduate Course in Nuclear 
Powei.—A_ year’s full-time course 
based on the belief that nuclear 
engineering is not a_ disiinct tech- 
nology but rather a new field of 
application of existing branches of 
engineering. The course will be under 
the direction of Professor John Kay. 
Fee : £64. Applications to the registrar, 
Imperial College of Science and Tech- 
nology, London, S.W.7. 
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HE application of isotopes to the 

non-contact gauging of material in 
continuous strip has steadily 
increased in the past few years and 
y-radiography for the examination of 
welds and castings is an_ established 
technique. Gauging of metals of inter- 
mediate thickness, however, presents 
rather different problems, chiefly con- 
cerned with the obtaining of the requisite 
energy-levels from isotopes of reasonable 
half life. 

In Nuclear Engineering for September, 
1956, p. 244, the application of brems- 
strahlung (i.e., secondary emission in the 
X-ray spectrum) was described, in a brief 
review of a new thickness gauge 
developed by the Baldwin Instrument 
Co., Ltd., using f-radiation from Sroo. 
Through the courtesy of this company 
and of the United Steel Companies, Ltd., 
this gauge was shown in operation in the 
Steel Peech and Tozer works at Rother- 
ham. Here it has been installed in a 
Morgan continuous strip mill, which rolls 
strip up to 9 in. wide, the particular 
interest of this installation being the 
means adopted for high-speed indication 
and recording of the strip thickness 
throughout its length. 


Operation 

The broad principles of operation of 
this type of gauge (i.e., the measurement 
of absorption of the radiation passing 
through the strip) are generally known. 
In this particular unit, the radiation 
passing through the strip is measured by 
a scintillation counter using a Nal (TI) 


Operating heads showing arrangements 
for easy removal. 


A Bremsstrahlung Gauge 
on a Hot Strip Mill 


Baldwin Equipment at Rotherham 


phosphor: after amplification, the signal 
is balanced against a pre-set voltage 
representing the nominal thickness, the 
difference indicating the error in thickness 
of the product. 

Space obviously does not permit of a 
detailed description of the circuitry, and 
it will suffice to say that the output is 
applied to the charging of a capacitor, 
the total voltage built up in a certain 
time varying according to the radiation 
received; i.e., thickness of the strip. If 
this should be exactly equal to the pre-set 
standard voltage it indicates zero error. 
The standard voltage is provided by a 


View of operator's control desk. 


potentiometer directly calibrated in terms 
of strip thickness. This “scaling” type 
of measurement offers certain advantages 
in terms of statistical fluctuations and 
eliminates unsteady meter needles. 

This measurement is repeated at I-sec. 
intervals so that the strip is scanned 
along its entire length, the spatial inter- 
vals depending upon the speed of the 
strip. A “standardizing” operation, to 
correct any tendency towards drift, is 
arranged in the interval between strips, 
being initiated by the sudden increase of 
radiation falling on the receiving head as 
the tail end of the strip leaves the gauge. 
The sudden fall in radiation as another 
strip arrives restores the operating cycle. 
In the original model this function was 
carried out by a separate photocell 
operating on the radiation from the hot 
strip. During the standardizing period 
the calibration is checked by means of 
a standard steel specimen of the correct 
thickness, automatically swinging into 


General view of the delivery end of 

mill, showing display board mounted 

high on wall. The strip profile can be 
clearly seen. 


position in front of the transmitter unit. 
Any one of six standard discs can be 
selected at will, for range-changing,. the 
total range of the equipment (0.03 in. 
to 0.25 in.) being divided into six working 
ranges. With the standard disc in position 
a zero error reading should be obtained; 
if any change in calibration has occurred, 
balance is restored by a second potentio- 
meter, operated by a servo-motor. 


Display 

The output signal corresponding to 
each portion of the strip is fed in turn 
into a discriminator circuit in which it is 
classified into one of five levels “too 
thick,” “slightly too thick,” “in limits,” 
“slightly too thin” and “too thin” 
respectively. These impulses are applied 
once per second to corresponding banks 
of a five-bank 50-position uniselector 
switch that is stepped round by the timing 
circuit at the rate of one position a 
second. 

Each of the contacts on each bank is 
associated with a relay controlling a lamp 
on the display board. This consists of 
five rows of 50 pigmy lamps, each row 
representing one of the five error classifi- 
cations, the middle or zero-error row 
being green, the top and bottom red 
whilst the intermediate lights are amber. 
Each of the 50 vertical columns 
therefore, indicates the condition of the 
strip at a particular point in its length. 
The light pattern on the board is, in 
effect, a profile of the strip that has just 
passed, which is readily visible to the 
entire mill crew, and enables corrections 
to be made; although these are seldom 
applied on the evidence of individual 
strips but rather on the general trend 
indicated. 

The light display is, of course, cancelled 
by each succeeding strip and a permanent 
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record is provided by a teleprinter unit 
that records double plus, plus, Zero, 
minus and double minus signs to corre- 
spond with the five lamp rows, thus 
enabling a permanent record to be kept in 
a very small space. 


Construction 

As would be expected for such sien 
duties as a rolling mill, the housing and 
general engineering of the equipment on 
the mill is exceedingly robust. The 
source (transmitter) and detector units are 
mounted on either side of a water-cooled 
guide through which the strip runs, being 
twisted through 90° in its travel so that 
it is delivered on edge to the coiler units. 
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The mounting of the scanning heads is 
such that they can be easily separated for 
maintenance or removal of the water- 
cooled guide and they are arranged for 
vertical movement (i.e., across the width 


of the strip) to enable the position to be 


changed for different widths of strip. 
This movement is carried out from 
the operator’s console by a pneumatic 
cylinder fitted with position control. 
The console or control desk, in 
addition to the nominal thickness setting 
and the range selector, already referred 
to, carries additional controls for adjust- 
ment of maximum and minimum 
tolerances. Since the absorption of 
radiation per unit thickness will vary 
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with the material, an additional adjust- 
ment is provided for rapid alteration of 
the calibration to suit alloy steels. The 
teleprinter is also housed in this unit. 

The electronic equipment and the asso- 
ciated relays are housed in a steel cabinet 
located in the mill motor room. Built-in 
test facilities are provided and main- 
tenance is further facilitated by plug-in 
type relays and selectors. 

The advantages of continuous display, 
enabling progressive corrective action to 
be taken, are sufficiently obvious as to 
need little comment. A further gauge of 
this same general type is to be installed 
in the Brinsworth mill of United Steels, 
in the near future. 


Reading Data Electronically 


HE development of the electronic 

computer—with its inherent ability to 
handle complex mathematics rapidly— 
has been handicapped by the difficulty of 
feeding information to the machine. 
Existing methods are too slow — the 
bottleneck being the human effort 
required to transform typewritten or 
manuscript data into punched cards or 
punched tape. 

Recently, Solartron Electronic Business 
Machines, Ltd., of Goodwyns Place, 
Dorking, Surrey, demonstrated a method 
of automatically reading typescript. The 
device is known as the Solartron ERA 
(Electronic Reading Automaton). 

The “eye” of the machine is an elec- 
tronic scanner which, in its present form, 
can read typewritten figures from 0 to 9 
at the rate of 150 characters per second. 
The production model will have a 
potential of 500 characters per second. 

Reading is effected by dividing each 
individual figure into 100 sub-areas. A 
set of these sub-areas is then electronic- 
ally scanned for black or white content, 
and the whole of the information is fed 
into circuits which pick out the relevant 
from the irrelevant, and produce an 
impulse corresponding to the final figure. 
Referring to the accompanying schematic, 
a raster of vertical lines is produced on 
the face of the scanner tube by means 
of the deflection circuits. A photo- 
objective is employed to obtain an image 
of the raster about the character to be 
“read.” As the image of the scanner 
spot scans a character the light reflected 
at any instant is proportional to the 
luminance of the reflecting surface, i.e., 
white paper will reflect more light than 
a black character. A_ high-sensitivity 
photomultiplier tube converts the reflected 
light to video pulses which are in turn 
amplified and cleaned up in the video 
amplifier and clipper respectively. 

Some misalignment can be compensated 
in the “and/or logic” section of the 
ERA. Where severe misalignment may 
occur, each character is scanned twice: 
once to correct misalignment, and once 
to read it. In the first scan, its top is 


observed, bottom left and right extremes, 


each is divided by two, and in the sub- 
sequent scan X and Y shifts are applied 
to the scan to bring its centre to the 
centre of the character. This part of 
the cycle is called “registering” to 
distinguish it from “ recognizing.” 

The clock pulse generator develops a 
basic pulse time of 2 ysec. From this an 
8-ysec pulse is obtained (feature period) 
plus 4 sec blank period between 
features. Ten periods are used for the 
character. The line feature is extended 
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one feature at the top and bottom to 
allow for character misalignment. Two 
feature times are used for flyback. 

Twice as fine a raster is needed for 
registering as for reading. To save 
circuitry at not much cost in cycle-time, 
the raster is always allowed to run at fine 
pitch, and inhibit reading during every 
second line. After this two divider the 
tens-of-features counter is reached. The 
unit-feature and tens-of-features genera- 
tors gate each black or white through a 
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100-way electronic switch into its appro- 
priate position in the 100-feature stores. 
At the end of a read stroke the store is 
filled. 

The logical matrix is composed of 
diodes pre-programmed to give “ and/or 
logic’; that is to say, to respond either 
when, say, features x or y or z are stored 
black (or-logic) or when features x and 
y and z are stored black (and-logic). 
Black and white criteria can be mixed 
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in any stage of the logic. If the potential 
is arranged to change on an “ out” wire 
when any diode or a set from various 
“in” wires conducts, an “or” circuit is 
made; if it cannot change till every diode 
stops conducting, an “and” is made. 

The and/or logic comprises a series of 
little groups of this kind: “If black is 
either in 12 and 13 (or 32 and 33) and 
is in 22 and 23, but is not in 37 or 38, 
the character is 4.” 
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The primary output from the ERA 
consists of pulses corresponding to the 
numerals, one per wire. These can 
directly operate a keyboard or sorter. 
For feeding a computer directly, the 
numerals can be stored each in binary 
form in a temporary store, which is then 
gated serially by clock-pulses from the 
computer. In its fully developed state 
the Solartron ERA should make a useful 
contribution to computer applications. 


Instrumentation for HIFAR 


HE complete nuclear instrumentation 

and control circuiting for HIFAR 
(High Flux Australian Reactor) is being 
supplied by Ekco Electronics, Ltd. 
HIFAR, the first experimental reactor to 
be exported by the U.K., now under con- 
struction at Lucas Heights, near Sydney, 
is a DIDO-type reactor, and the main 
contractors as in the case of DIDO are 
Head Wrightson Processes, Ltd. The 
equipment has been pre-tested at the 
Southend works of Ekco Electronics, 
Ltd., prior to shipping to Australia, and 
Ekco engineers will also be responsible 
for the erection, testing, installation and 
commissioning on site. 

The monitoring, control and safety 
instrumentation is contained in a series 
of instrument panels grouped around the 
control position. One group of instru- 
ments measures and records the physical 
states of the reactor circuits such as, for 
example, pressure flow and temperature 
of the heavy water moderator. A second 
group measures the neutron flux at 
various points in the reactor as well as 
the rate of change of flux and its depar- 
ture from a_ pre-determined level. 
Information from both the physical and 
nuclear instrumentation is combined with 
indications of reactor conditions provided 
by further equipment associated with the 
numerous control mechanisms. 

This combined information is fed to a 
third system which ensures the safe 
operation of the reactor at all times. 
In-built control circuits ensure that a 
definite procedure sequence is followed 
when starting up the reactor. Failure to 
carry out this sequence prevents the 
reactor from becoming operational, 

Any tendency for the reactor to 
develop a fault which may become 
dangerous while in operation is detected 
automatically and a shut-down occurs. 
The speed and degree of shut-down is 
graded according to the seriousness of 
the initiating fault. 

Health instrumentation is provided at 
numerous points in and around the 
reactor to monitor both the gamma and 
the fast neutron dose-rates. In the case 


of gamma radiation the reading is dis- 
played both locally and remotely on 
logarithmically scaled meters and is also 
recorded. 


The Ekco control panel under construction. 


The complete equipment provided on 
this control panel is listed below:— 
Panel 1 (extreme left): Lock-out by-pass 

equipment. 

Panel 2: Integrated flux power recorder, 
fission products monitors, battery con- 
trol equipment and spare instruments. 

Panel 3: Safety rod control panel and 
misalignment amplifiers. 

Panel 4: Gamma radiation monitors, con- 
trol rod position recorders, and reactor 
power error meters, light water output 
temperature. 

Panel 5 (centre): Cooling water outlet 
temperature, linear power, log power, 
and fuel element centre temperature 
recorders; control rod and scram 
operating gear. 

Panel 6: Heavy water outlet temperature 
and temperature difference recorders: 
heavy water flow, log power and 
reactor period recorders; heavy water 
gamma monitor recorders; automatic 
control gear. 

Panel 7: Xenon computer output, heavy 
and light water purity, xenon output 
recorders. 

Panel 8: Fuel element temperature and 
gamma radiation monitor recorders; 
helium pressure, heavy water levels in 
reactor and storage tanks; heavy/light 
water pressure recorders. 

Panel 9 (right-hand end): Gamma radia- 
tion monitor recorders, shut-down 
amplifiers. 


With its experience on instrumentation 
of all British reactors so far built and 
also the Norwegian/Dutch reactor the 
company has been able to standardize 
its special reactor units. These have 
characteristics which can briefly be 
summarized as follows:— 

Reactor period meter, types 1389, 1513 
and 1420, cover a range from 10-!8 to 
5 X 10—5 amp, giving also doubling times 
ranging from 80 to infinity+20 seconds. 
The trip setting ranges are from 60 to 
20 seconds, both positive and negative, 
and 15 to 5 seconds also positive and 
negative. Two change-over contacts are 
brought out to a plug at the rear for 
warning and trip fault circuits. Trip 
operation is indicated by a signal lamp. 
Controls are mounted on an inset panel 
visible through a window; calibration of 
the log. d.c. amplifier and the period 
meter can be performed through push-in 
jacks. 

A reactor power error meter, type 
1462a, which is able to measure the 
power output of the reactor and to detect 
changes from a pre-set level, consists of 
two units, the head unit containing 
switched resistors to cover the range 
100 kW to 12 MW in 100-kW steps. 
Input at 10 MW is approximately 
20 microamp. The main unit contains 
a centre zero meter giving deviations of 
100%, 10% and 1% selected by a 
manually operated switch. 
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The Baird and Tatlock 


Analmatic’’ Uranium Analyser 


N uranium refining, it is now common 

to use the ion-exchange process, the 
uranium being separated by adsorption 
in a resin column, and subsequently 
removed by elution. It is important to 
detect ‘ break-through” whenever it 
occurs in any column in the plant; i.e., 
when the resin ceases to adsorb the 
uranium and valuable material is conse- 
quently being wasted. Rapid chemical 
analysis of the column effluents is used to 
test for break-through, but a_ large 
number of analyses is required to control 
a continuous process employing several 
sets of columns. 

The Analmatic” Uranium Analyser 
performs these analyses day and night 
without human intervention, monitoring 
up to 16 “barren” and/or “semi- 
pregnant” process streams. An absorp- 
tiometric technique is used, contemporary 
batch samples being taken in cyclic order 
from the process streams and separately 
treated with aqueous ammonium. thio- 
cyanate. A reducing agent is also added 
to suppress interfering ions (e.g., ferric 
iron), and the resulting colour complexes 
are analysed by an absorptiometer at 
3,650A. 

Any number of lines may be selected 
for monitoring. With those not selected, 
the sequence timing is unchanged, but 
sample and reagents are not permitted to 
enter the mixing vessel; instead, the 
appropriate volumes of water are 
admitted and the instrument records a 
“water blank.” By concurrently viewing 
a previous sample complex, metering and 
mixing a present sample and reagents, 
and flushing the pipeline delivering the 
next sample, the assay time per sample 
is reduced to 24 minutes, so that the time 
between successive analyses on any one 
line is 40 minutes. The cycle of events 
is entirely automatic, and a permanent 
pulse-coded record of the uranium 
concentrations in individual streams is 
produced. 

A concentration alarm system, actua- 
ting a lamp and a bell, operates whenever 
the measured uranium concentration 
exceeds an adjustable pre-set limit, when 
the instrument stops cycling and waits 
until the alarm is manually cancelled. 
The warning can be checked for validity 
by manually instructing the instrument 
to take a repeat sample. 

The electrical units are stacked on the 
left-hand side; at the top is the display 
panel, comprising the recorder and 
sequence indicator lights, then the control 
unit, sequence unit, timing unit and 
absorptiometer power unit underneath 
each other. On the right-hand side are 
the sample and reagent input points at 
the top, leading to “auxiliary heads ” 
which enable stale liquor in each sample 


feed pipe to flush to drain while a 
previous sample is being complexed. 
Beneath these are the metering and 
mixing unit and the absorptiometer. 
Liquor from each process stream to be 
monitored flows via a sampling pipeline 
into the base of one constant head unit 
and overflows at the top into a common 
drain tube which may be led either to 
waste or to a storage tank. Sample flow 
to the analyser passes through a candle- 
type ceramic filter incorporated in each 
unit. Provision is made for back-washing 
the filters with water at mains pressure. 
The combined filter and constant head 
units are assembled in groups of eight 
into “* Perspex” troughs which may be 
mounted at a suitable height above the 
analyser. The units for reagents are 
identical except that there is no overflow, 
the tops being fitted with screw-caps, 
which are normally closed but which 
provide for initial release of air when 
first connecting to the reagent stock- 
bottles. The flow of liquids within the 
instrument is controlled by _ electro- 
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Radioisotopes: A New Tool for Industry, 
by Sidney Jefferson, B.Sc., A.C.G.I. 
(110 pp., 44 illustrations. George Newnes, 
Ltd., Tower House, Southampton St., 
London, W.C.2, 17s. 6d. net.) 


Now that there is hardly an industry 
which does not—or could not—profit 
from the use of isotopes, there will be 
many industrialists and business execu- 
tives who wish to acquire a working 
knowledge of their potentialities and 
applications, without desiring to study 
nuclear theory. As leader of the Tech- 
nological Irradiation Group in_ the 
Isotope Division at Harwell, the author 
has a wide store of experience on which 
to draw and the first half of the book is 
devoted to the industrial applications 
varying from leak detection to checking 
the thoroughness of mixing, thickness and 
density measurements, radiography and 
uses of ionization. The second portion 
deals with the elements of radioactivity, 
which is again clearly and simply 
explained. There is a chapter on health 
precautions. 


Trilinear Chart of Nuclides, W. H. 
Sullivan. (U.S. Govt. Printing Office, 
Washington, D.C., $2.00.) 

The peculiar advantage of the trilinear 
co-ordinate grid on which this chart is 
founded is that it enables every experi- 
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(Below) General view of the B.T.L. 
Analmatic”’ unit. 


magnetically operated diaphragm valves 
designed for rapid action and small 
hold-up volume. Vital parts are protected 
against accidental liquor spillage by drip 
trays in each compartment where main- 
tenance involves disconnection of pipes. 


Books 


mentally identified nuclide (up to July, 
1956) to be presented on a_ single 
horizontal strip chart only 114 in. high. 
Information about each nuclide is 
presented in a hexagonal space and it will 
thus be possible to revise information by 
means of gummed hexagon “ stamps.” 
The total length of the chart is some 
18 ft., it being produced in six sections, 
with arrangements for gumming sections 
together as required. This, the second 
edition, replaces a first issue published 
for the A.E.C. in 1949, 


Atoms at Work, by John Mander, M.A. 
(118 pp., 35 ill. George Newnes and Co., 
Ltd.. Tower House, Southampton Street, 
London, W.C.2, 10s. 6d. net.) 

No neater summary of this book could 
be found than the author’s own opening 
sentence: “ This is not a science book; 
it is a book about science, which is some- 
thing quite different.” This book could 
be read by the completely non-technical 
since it does not refer to atomic nuclei 
or neutrons nor does it classify different 
types of radiation. In addition to its 
utter simplicity it is extremely readable; 
the author has succeeded in the difficult 
task of giving graphic descriptions with- 
out being sensational. Not a book for 
the nuclear scientist— but almost a 
“must” for the rest of the family and 
the man next door. 
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Processes and Equipment 


Pressurized Assembly Cabinets 


In the assembly and inspection of 
delicate, precision-built components, dust 
contamination can be serious. To over- 
come this, the British Manufactured 
Bearings Co. Ltd., Crawley, Sussex, has 
developed a cabinet type of working 
bench providing a pressurized working 
area with ample space for movement of 
the hands and arms. Within the cabinet 
there is constant controlled-pressure, 
warm, clean air filtered down to 5 
microns or less. The cabinet is well 
lighted, and a full-width top window 
gives the operator an unrestricted view. 
The cabinets are obtainable as mobile 
self-contained units or in batteries of 
two to five for production-line work. 
The company has also developed a larger 
clean-room cabinet in which both 
operator and work are within a dust-free 
area. 


Sampling Valves 


Specially designed and manufactured 
for the U.K.A.E.A., the Klinger sleeve- 
packed cocks used in the burst-slug 
detection lines at Calder Hall are of 
three-way type ganged together in an 
eight-unit manifold. The gas-sampling 
pipes from the fuel channels are welded 
into the manifold bodies which are 
mounted on the same framework as the 
54-way rotary selector valve. The selector 
valve is connected via a cooler and filter 
to a precipitation unit and radiation 
detection gear. 


Klinger sleeve-packed cocks as made 
for Calder Hall. 


Pressurized assembly cabinet by British 
Manufactured Bearings Co. Ltd. 


Each individual cock is sealed by a 
renewable sleeve of compressed asbestos 
which is compressed around a perfectly 
parallel plug with a lapped finish. Stain- 
less-steel eyelets in the sleeve protect 
the packing from the action of the pass- 
ing fluid. The position of the eyelets is 
fixed by means of a ridge on the outside 
of the packing sleeve, which fits into a 
corresponding groove in the body. 

The illustration shows an eight-unit 
manifold with one of the cocks dis- 
mantled to show its various parts. The 
split ring fits into the groove at the 
bottom of the plug and locates it firmly 
in an axial direction when the com- 
pressed-asbestos packing sleeve is forced 
against it by means of the tightening nut. 
The body and the plugs are made from 
wrought stainless steel. The square ends 
of the plugs are unsymmetrical and a 
special operating key is provided to 
ensure that the ports in the cocks are 
positioned correctly. When the operating 
key is reversed, it provides a box span- 
ner which is used to tighten the nut 
compressing the packing sleeve. A 
special extracting tool is supplied for 
removing the plug from the body, should 
the cock require repacking. All pipe 
connections are welded and an annular 
recess is machined around each connec- 
tion in the body to relieve welding 
stresses. To prevent the risk of leakage, 
each group of four cocks is covered by a 
sealed bonnet which is removed only 
when the cocks are to be operated. 

Manufacturers of this equipment are 
Richard Klinger, Ltd., Klingerit Works, 
Sidcup, Kent. 


Freon Compressor 


A new range of high-speed single- 
acting compressors giving high-capacity 
refrigerating output for floor space 
occupied has been announced by the 
Lightfoot Refrigeration Co. Ltd., Abbey- 
dale Road, North Circular Road, 
Wembley, Middlesex. It will eventually 
comprise both four- and six-cylinder 


. 


The new Lightfoot compressor. 


units, the first being the W225, a six- 
cylinder compressor with a maximum 
speed of 1,450 r.p.m. It can be fitted 
with unloading gear for no-load starting 
and with three-stage capacity control. 

The crankcase, of en bloc design, is 
fitted with removable liners and holds 12 
pints of oil, a gear pump driven by the 
crankshaft supplying forced lubrication 
to all bearings. The bore is 2} in. and 
the stroke 2 in. The alloy compressor 
valves are of the low-lift ring-plate type, 
and the service stop - valves, 
mounted on top of the crankcase, have 
sealing caps to prevent refrigerant 
leakage. 


Briefly ... 


Differential-pressure flowmeters of the 
type I.1.C. (Industrial Instrument Corpora- 
tion of Odessa, Texas) are to be manufac- 
tured in Britain by Elliott Bros. (London), 
Ltd., Century Works, Lewisham, London, 
S.E.13. 


A new range of electric motors, the Class 
C, has been developed by the English Elec- 
tric Co., Ltd., Queen’s House, Kingsway, 
W.C.2. Of the axially ventilated pattern, 
they are said to be smaller, lighter and 
cheaper, having fixing dimensions to BS 
draft specification CW(ELE)6246. They 
have Class E insulation, which permits a 
temperature rise of 65° C on 40° C ambient. 
The range covers ratings of 4 to 50 h.p. 


A new blood cell counter, said to have 
an accuracy of better than 3% (plus or 
minus), has been developed by Evans Elec- 
troselenium, Ltd., of Harlow, Essex. 


Voltage Stabilizers. Philips Electrical 
Ltd., of Century House, Shaftesbury Avenue, 
London, W.C.2, has introduced a line of 
voltage stabilizers designed to reduce mains 
fluctuations of +10:—15% to 1% variation 
either way. Five standard models are 
— with outputs from 300 VA to 


X-ray films of increased speed are 
announced by Ilford, Ltd., Ilford, London. 
Industrial C film is said to be 50% faster 
than the current material at 200 kVp. 
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Patents Reviewed 


These abstracts have been made from British Patent Specifications, complete copies of which can be 
obtained from the Patent Office, 25 Southampton Street, London, W.C.2, at 3s. 6d. each (including postage). 


B.P. 766,841. Corrosion-resistant fibrous 
web or fabric. D. Deverell and N. C. W. 
Judd. To: U.K. Atomic’ Energy 
Authority. 


A web or fabric of glass or mineral fibres 
is impregnated with a dispersion of polytetra- 
fluorethylene in a volatilizable liquid and 
heated to remove the liquid by evaporation. 
It is then subjected to pressure (5 ton/sq. in.) 
at an elevated temperature (300°C) below 
the sintering temperature of the polytetra- 
fluorethylene. After repeating the steps at 
least once, the web or fabric is thus heated 
to sintering temperature. The process may 
be made continuous by running the cloth 
through a series of stages (baths and 
chambers). For low-pressure pump dia- 
phragms, laminated board, parts of chemical 
plant, tubular and other bodies (shaped 
before sintering). 


B.P. 767,038. Extraction of niobium. J. M. 
Fletcher, D. F. C. Morris, A. G. Wain. 
To: U.K. Atomic Energy Authority. 

Ferroniobium or crushed niobium-bearing 
mineral concentrate is dissolved in a mixture 
of hydrofluoric acid and nitric acid. The 
solution is contacted with equal volumes of 

100% tributyl phosphate in a continuous 

extractor, the extract collected and back- 

washed with aqueous hydrofluoric acid. 

Ammonia gas is passed through the back- 

wash until precipitation of the niobic acid 

appears to be complete. When using 
sulphuric acid in the mixture batch extraction 
is preferable. 


B.P. 767,135. Separation of niobium from 
tantalum. P. G. England, I. S. Broadley. 
To: U.K. Atomic Energy Authority. 

Niobium and tantalum occur together in 

nature and have similar chemical properties. 
This renders separation difficult. It has now 
been observed that niobium pentachloride is 
more readily reduced to the trichloride than 
tantalum pentachloride. The pentachlorides 
of niobium and tantalum are formed by 
chlorination, the mixed pentachlorides treated 
with a reducing agent, then the tantalum 
pentachloride is removed by volatilization. 


B.P. 767,156. Separation of nickel from 
cobalt. M. de Merre. To: Soc. Gén. 
Métallurgique de Hoboken. 


Nickel is precipitated in metal form from 
a primary solution (with adjusted pH) of 
nickel and cobalt in the weight ratio Ni/Co 
greater than 2: 1 as sulphates or chlorides 
by the action of a reducing gas under a 
superatmospheric pressure and a temperature 
above 100°C. The reduction is stopped 
while the precipitate contains less than 2 parts 
(by weight) of cobalt per 100 parts of nickel. 
The solution obtained after separation of the 
precipitate is then treated in a manner known. 
(B.P. 683,679; 650,595; 655,149.) 


B.P. 767,339. Pumps. H. F. Parker. To: 
U.K. Atomic Energy Authority. 

For pumping toxic fluids from one tank to 
another. The pump can be adapted as a 
borehole pump or for immersion into a tank. 
Fig. 1 is a sectional elevation of the pump. 
Cylinder 10 welded into a cup 11, welded 
to a sleeve 12 in the bottom of tank 13 is 


open on top and closed by a disc 14 at its 
lower end. Piston 15 reciprocates so that its 
cavity 22 passes up and down along part 
16 in cylinder 10. A duct 23 with non-return 


Fig. 1 of 
B.P. 767,339 


valve 24 extends through piston 15 and a 
second duct 25 with non-return valve 26 
extends from cavity 22 to the lower closed 
end of piston 15. The liquid is pumped 
from tank 13 to a pipe 27 on port 16. When 
the piston rises liquid is induced into space 
28 through duct 23. When the piston goes 
down the liquid is pushed out of space 28 
through duct 25 into cavity 22 and through 
port 16 into pipe 27. 


B.P. 767,892. Zirconium alloys. D. E. 
Thomas, K. M. Goldman, R. B. Gordon, 
W. A. Johnson (U.S.A.). 


A zirconium alloy containing tin (0.5 to 
2.5%) and at least one metal from the group 
iron, nickel, chromium (not exceeding 2%) 
added to the zirconium to a maximum of 
3% with less than 0.5% impurities is highly 
resistant to corrosion and may be readily hot 
and cold worked or wrought to strips, sheets 
and the like. The zirconium may have a 
hafnium content of up to 3%. By varying the 
tin content within the range of 0.5% and 
1.5% the mechanical properties of the alloy 
may be adapted to the desired purpose with- 
out any significant change in its corrosion 
properties. 


B.P. 766,856. Portable shielded container 
for a radioactive source of radiation. 
S. Untermyer (U.S.A.). 

A radioactive capsule is arranged in a 
crooked or curved passage (stainless steel) in 
a shielding container (lead) and can be 
moved by a wire rod from an inactive 
position deep within the container to an 
operative position near the front of it. The 
capsule consists of an active core and a 
casing formed of a cup and a plug (both of 
aluminium). 


B.P. 766,885. Ceramic materials. W. G. 
O'Driscoll, W. E. Dennis. To: U.K. 
Atomic Energy Authority. 

In the reduction of metal fluorides with 
calcium, magnesium or other metal capable 
of displacing the metals, calcium fluoride 
lined vessels have been employed. The usual 
preparation of such linings by packing around 
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a former, vibration to settle the mass, firing 
and sintering results in a large proportion 
(50%) of rejects owing to cracking during 
heating or handling. This disadvantage has 
been overcome by incorporating in an alkali 


. earth metal fluoride a proportion (up to 5%) 


of an alkali metal fluoride or another alkaline 
earth metal fluoride which forms a lower 
melting point eutectic with the alkaline earth 
metal fluoride. The mixture is shaped (vessel 
lining; crucible), heated and sintered. 


B.P. 768,282. Leaching uranium from 
sulphidic materials. F. A. Forward, 
J. Halpern. To: Canadian Patents and 
Development, Ltd. 

Hydrometallurgical methods for extruding 
uranium values from uranium bearing ores 
and concentrates have the disadvantage that 
they cannot be employed where the starting 
material contains sulphur or sulphides. The 
consumption of leaching agents through 
reaction with the sulphides is excessive, the 
presence of metal sulphides results in 
excessive consumption of precipitation 
reagents and makes recovery of a high-grade 
uranium product difficult and, in certain cases, 
the result is too low for economic recovery. 
Now it has been found that the presence of 
sulphides in uranium can be employed with 
advantage for a novel method of extracting 
uranium values. Sulphur, when associated 
with the original uranium-bearing material as 
a mineral sulphide or as elemental sulphur, 
reacts with water in the presence of oxygen, 
oxygen enriched air or air alone to generate 
sulphuric acid. Under certain conditions, 
uranium values are rapidly dissolved in the 
leach solution with a high degree of extrac- 
tive efficiency. The only reagents required 
(in the simplest form of the process) are the 
original uranium-bearing material, mineral 
sulphides or elemental sulphur, water and 
air. First a slurry is formed of the ingredients 
to produce a leach solution of a certain pH 
in a certain aqueous medium. Then the pulp 
mixture is heated in a reaction vessel to 
between 80° and 200°C. Sufficient oxygen 
is fed into the vessel to maintain a partial 
pressure of oxygen above 2 Ib/sq. in. and 
the oxidation reaction continued to dissolve 
the uranium values. Finally the leach solution 
containing those values is separated from the 
undissolved residue. 


B.P. 768,831. Recovery of uranium values 
from waste material. To: U.K. Atomic 
Energy Authority (U.S.A.). 

The material is hydrofluorinated to con- 
vert metal values to non-volatile fluorides. 
The residue is reacted with fluorine gas (at 
400° to 500°C) forming uranium §hexa- 
fluoride vapours which may be separately 
condensed. The process can be used for 
recovering uranium from sweepings, metal 
pieces (bolts, nuts) copper or other metallic 
parts of the isotope separating apparatus, 
etc. Fluorination is carried out on trays in 
a chamber constructed of fluorine resistant 
material (nickel, Monel metal) in the form 
of a muffle furnace into which hydrofluoric 
acid, fluorine and an inert gas (nitrogen, 
helium) are introduced as required. The 
inert gas is used for flushing between the 
treatment with acid and the treatment with 
fluorine. 


B.P. 768,833. Pump-motor combinations. 
Hayward Tyler and Co., Ltd., J. C. 
Mansfield. 

The liquid being pumped has free access 
throughout the casing enclosing the submer- 
sible motor and the pump. Between the 
pump and the motor within the casing there 
is a flameproof gap. 
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